(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World intellectual Property Orgaoizatioo 
International Bureau 

(43) International Publication Date 
13 June 2002 (13.06.2002) 




PCX 



liilillliiliiiliiifllllliiil 

(10) International Publication Number 

wo 02/46193 A2 



(51) iDternalional Patent Classification': C07D 471/04, 
A61K 31/437. A61P 35/00, 31/12// (C07D 471/04, 

235:00. 221:00) 

(21) International Application Number: PCTAJSO 1/46704 

(22) iDtemationalFIUogDate: 6 December 200 1(06. 12.2001) 

(25) riUng Language: English 

(26) Publication Languagr. English 



(30) Priority Data: 
60/234.218 



8 December 2000 (08.12.2000) US 



(71) Applicant (for all designated States except US}i 3M IN- 
NOVATIVE PROPERTIES COMPANY (USAJSl; 3M 
Center. Post Office Box 33427. Saint Paul, MN 55133- 
3427 (US). 

: (72) inventors; and 

; (75) loveotors/Appricants(/br(/5on/y;: CHARLES, Leslie, 

J. [USAJS]; 787 Laisen Lane. Hudson. Wl 54016 (US). 

DELLARL^, Joseph, F. [US/US]; 10423 Kilbimie Road. 
\ Woodbury. MN 55129 (US). GRIESGRABER, George, 
I W. [US/USJ; 631 Crimson Leaf Court, Eagan, MN 55123 

(US). HEPPNER, Philip, D. [US/USl; 607D Wooddock 
; Drive. Woodbuiy, MN 55125 (US). MANSKE, Karl, J. 
j [US/US); 4317 Wentwoilh Avenue South, Minneapolis, 

MN 55409 (US). MICKELSON, John, W. [USAJS]; 
: 60887 ^^Iey View Boulevard. Maoawan. Ml 4907 1 (US). 



RICE, Michael, J. [USAJS]; 2460 Homestead Avenue 
North. Oakdale. MN 55128 (US). 

(74) Agents: HOWARD, MarySusao et al.; Office of Intellec- 
tual Property Counsel Post Office Box 33427, Saint Paul, 
MN 55133-3427 (US). 

(81) Designated States (national): AE, AG, AL. AM, AT. AT 
(utility model), AV\ AZ, BA, BB. BG, BR, BY, BZ, CA. 
CH. CN. CO. CR, CU, CZ, CZ (utility model). DE, DE 
(utility model). DK. DK (utility model). DM. DZ. EC. EE, 
EE (uHlity model), ES, FI, H (utility model). GB. CD. GE. 
GH, GM. HR. HU. ID. IL. IN. IS. JP. KE. KG, KP. KR, 
KZ. LC LK, LR, LS, LT, LU. LV. MA. MD. MG, MK, 
MN. MW. MX. MZ. NO. NZ, OM, PH. PU PT. RO. RU. 
SD, SE, SG, SI SK. SK (utiUty model), SL. TJ, TM, TR, 
TT. TZ, UA. UG, US. UZ. VN. YU. ZA. ZM, ZW. 

(84) Designated States (regional)', ARIFO patent (GH. GM, 
KE, LS. MW, MZ, SD. SL. SZ. TZ, UG. ZM. ZW). 
Eurasian patent (AM. AZ. BY. KG. KZ, MD. RU. TJ, TM), 
European patent (AT. BE CH. CY, DE. DK. ES, H. FR. 
GB. GR. ffi. IT, LU. MC, NL, PT, SE, TR). OAPl patent 
(BF. BJ. CF. CG. a. CM. GA. GN, GQ. GW. ML. MR. 
NE.SN.TD.TG). 

Poblbhed: 

— without international search report and to be republished 
upon receipt o/ that report 

For two-leUer codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'' appearing at the begin- 
ning of each regular issue of the FCT Gazette. 



< 

OS 

\0 — — : —• 

5 (54) Title: HETEROCYCLIC ETHER SUBSTITUTED IMIDAZOQUINOUNES 
fS 

® (57) Abstract: Imidazoquinoline and tetrahydroiraidazoquinolinc compounds that contain ether and hctcrocyclyl or hcicroary I func- 
O lionaliiy at the 1 -position aie useful as immune response naodificrs. The compounds and compositions of the invention can mducc 
>. the biosynthesis of various cytokines and are useful in the treatment of a variety of conditions including viral diseases and neoplastic 
^ diseases. 
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HeterocycUc Ether Substituted Imidazoqainoliiii 



les 



Field of the Tnvpnf<ft« 

This invention relates to imidazoquinoline compounds that have ether and 
heterocycle or heteroaiyl functionality at the 1-position. and to phannaceutical 
compositions containing such compounds. A further aspect of this invention relates to the 
use of these compounds as immunomodulalois, for inducing cytokine biosynthesis in 
animafe. and in the treatment of diseases, including viral and neoplastic diseases. 

Background of the Tnvi>iirt«ii 

nie first reliable report on the l^-iniidaa)t4.5-c]quinoline ring system. Backman 
et al., LOrg.£hcffi. 15. 1278-1284 (1950) describes the synthesis of l-(6.methoxy-8- 
quinolinyl>2-methyl-l/r-imidazo[4.5^1quinoline for possible use as an antimalarial 
agent Subsequently, syntheses of various substituted l^-imida2o[4,5^] quinolines were 
reported. For example. Jain etal.,LM^j^ ll.pp. 87-92 (1968). synthesized the 
compound H2.(4i)iperidyI)ethyq.ljy.imida2o[4.5-c]quinoline as a possible 
anticonvulsant and cardiovascularagent Also, Baranovetal..£aaa.Aljs, 85. 94362 
(1976). have reported several 2-oxoimida2o[4,5-c]quinolines, and Berenyi et al, L 
HeterocYcKc(^ , 18, 1537-1540 (1981), have reported certain 2.oxoimidazo[4,5- 
cjquinolines. 

Certain l^r-imidazo[4,5-<:]quinolin-4-amine8 and 1- and 2-substituted derivatives 
thereof were later found to be usefW as antiviral agents, bronchodilators and 
immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4.689.338; 
.4.698.348; 4.929.624; 5.037.986; 5,268^76; 5.346,905; and 5,389,640. aU of which are 
incorporBted herein by reference. 

TteBcontimies to be interest in flieimidazoquinoline ring system. Certain IH- 
iniidazo[4,5-cJ naphthyridine-4-amincs. IH-imidazo 14,5-0] pyridin-4.amine8, and IH- 
imidazo[44-cl quinolin^amines having an ether containing substituent at the 1 position 
are known. These are described in U.S. Patent Nos. 5,268,376; 5,389.640; 5.4944)16; and 
WO 99/29693. 
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There is a continuing need for compounds fbat have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or otiier mechanisms. 

Snmmarv of the Invention 

5 We have found a new class of compounds that are useful in inducing cytokine 

biosynthesis in animals. Accordingly, this invention provides imidazo[4, 5-c]quinoline-4- 
amine and tetrahydroimidazo[4, 5-c]quinolinc-4-amine compounds that have an ether 
containing substituent at the 1 -position. The compounds are described by Foimulas (I), 
(n), (HI) and (IV), which are defined in more detail infra. These compounds share the 

10 geneml structural formula 




wheiein X, Ri, Ra, and R are as defined herein for each class of compounds having 
15 Foraiulas (I), (11), (HI) and (IV). 

The compounds of Foraiulas (I), (II), (HI), and (IV) arc useful as immune 
response modifiers due to their ability to induce cytokine biosynthesis and otherwise 
modulate the immune response when administered to animals. This makes the compounds 
useful in the treatment of a variety of conditions such as viial diseases and tumors that are 
20 responsive to such changes in the immune response. 

The invention further provides pharmaceutical compositions containing the 
immune response modifying compounds, and methods of inducing cytokine biosynthesis 
in an animal, treating a viral mfection in an animal, and/or treating a neoplastic disease in 
• an animal by administering a compound of Formula (I), (II), (EDO, ffV) to the animal. 
25 In addition, the invention provides methods of synthesiang the compounds of the 

mvention and intermediates usefid in the synthesis of &ese compounds. 
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Detafled Dg scriptliiii of the Invention 

As mentioned earlier, we have found certain compounds thai mmice cytokine 
biosynthesis and modify the immune response in animals. Such compounds ate 
represented by Formulas (I), (U), (HI), and (IV), as shown below. 

Imidazoquinoline compounds of die mvention, which have ether and heterocyclyl 
or heteroaiyl functionaKty at the Nposition are represented fay Formula (I): 



10 



20 




0) 

wherein: Xis-CHRa-.-CHRj-^ngrKor-CHRa-alkenyl.; 
Ri is selected from die group consisting of: 
-heteroaiyl; 
-heterocycfyl; 
-R4- hetcioaryl; and 
-R4~heterocyclyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
-aUtyl; 
-alken^ 
-aiyl; 

-heteroatyl; 
-heterocyclyl; 
-aDcyl-Y-alkyl; 
25 -alkyl-Y-alkenyl; 

-alkyl-Y-aiyl; and 

- alkyi or alkcnyi substitutBd by one or more substituents selected 
from the group consisting of: 
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-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Ci-ioalkyl; 

-CO-O-Ci-io aflcyl; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-heteioaiyl; 

R4 is alkyl or aikenyl, which may be interrupted by one or more -O- 
groxips; 

each R3 is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)o-r ; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of C|.io 
alkyU C|.io alkoxy, hydroxy, halogen and trifhioromethyl; 
or a phaimaceutically acceptable salt thereof. 



The invention also provides imidazoquinoline compounds that contain ether 
functionality at the 1 -position, where the ether containing substituent also contains an 
alkynyl group and a heterocyclyl or hctcroaiyl group. These compounds are represented 
by Formula (D): 
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5 wherein: 



10 



15 



20 



25 



X is -CHR3-, -CHRa-alk^-, or-CHRs-alkeiiyls 

Rio is selected firom &e group consisting of heterooiyl and heterocyclyl; 

R2 is selected fiom fiie group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aiyl; 

-heteroaxyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkei^l; 
-alkyl-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

<:0-N(R3)2; 
-CO-Cmo alkyl; 
-CO-O-Cmo alkyl; 
-N3; 

-heteroaiyl; 
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-heteiocyclyl; 
-CO-aiyl; and 
^ - -CO-heteroaryl; 

n is 0 to 4; 

5 each R3 is independently H or Cmo alkyl; 

each Y is independently -O- or --S(0)o.2-; and 

each R present is independently selected from the group consisting of Ci-jo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceutically acceptable salt fhereol 

10 

The invention also includes tetrahydroimidazoqninoline compounds that bear an 
edier and heterocyclyl or beteroaiyl contatning substituent at the l-position. Such 
tetrahydroimidazoquinoline compounds are lepiesented by Formula (III): 




15 

m 

wherein: X is -CHR3-, -CHRj-alkyl-, or -CHRj-alkenyl-; 
Ri is selected from the group consisting of: 
-beteroaiyl; 
20 -heterocyclyl; 

-Rr- heteroaiy^ and 
-Rr-hetBiocyclyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
25 -alkyl; 

-alkenjd; 
-aiyl; 
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-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
5 -aDcyl-Y-aiyl; and 

- aDcyl OT alkenyl substituted by one or more substituents selected 
&om the group consisting of: 

OH; 

-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 
-CO-Cwoalkyl; 
-€0-0-C|.ioalkyU 
-N3; 

15 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl;and 
-CO-hetezoaxyl; 

20 R4 is alkyl or aUcenyl, which may be interrupted by one or more -O- 

groups; 

each Ra is independently H or Ci-io alkyl; 
each Y is independently -O- or -S(0)o.2-; 
n is 0 to 4; and 

25 each R present is independently selected fiom &e group consisting of Cmq 

alkyl, C1.10 alkoxy, hydroxy, halogoi and tiiflttorometfiyl; 
or a phannaceutically accqytable salt Aereofl 
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An additional class of ttimmne response modifying compounds of the invention are 
tetrahydroimidazoquinoline compounds that have an ether containing substituent at tiie 1- 
position, where the ether containing substituent also contains an alkynyl group and a 
heterocyclyl or heteroaiyl group. These compounds are represented by Formula (TV): 




wherein: X is -CHRs-, -CHRj-alkyl-, or -CHRa-alkenyl-; 

Rio is selected from the group consisting of heteroaiyl and heterocyclyl; 
R} is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-axyU 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-aUcyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting o£ 
-01^ 

-halogen; 
-N(R3)2; 
-CO-N(R3)2; 
-CO-Ci.jo alkyl; 
-CO-O-Ci.io alkyl; 

8 
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-Nj; 
-aiyl; 

-heteroaiyl; 

-hctcrocyclyl; 

-CO-aiyl; and 

-CO-heteroaryl; 
each R3 is indq)endcntly H or Cuo aflcyl; 
each Y is independently -O- or -5(0)o,2S 
n is 0 to 4; and 

each R present is independently selected from flie group consisting of Cuo 
aDcyl, Ci-io alkoxy, hydroxy, halogen and trifiuoromethyl; 
or a pharmaceutically acceptable salt thereof. 

Preparation of the Compoimds 

Compounds of tiie invention can be prepared according to Reaction Scheme I 
where R» Ra, X and n are as defined above and Rn is alkyl substituted by a hetcroaryl 
group wherein the heteroaryl group may be unsubstituted or may be substituted as defined 
infra or Rn is substituted heteroaryl as defined infra wiA the proviso that if Rn is 
substituted heteroaryl at least one substituent is a strong electron withdrawing group 
located ortho or para to the ether bond. 

In Reaction Scheme I a 4-amino-l/f-iniidazo[4,5-c]quinolm-l-yl alcohol of 
Fomiula X is alkylated with a halidc of Formula XI to provide a l/f-imidazo[4,5- 
c]quiDolin-4-amine of Fonnula XII which is a subgenus of Fonnula I. The alcohol of 
Fonnula X is reacted with sodium hydride in a suitable solvent such as N^- 
dimetiiylformamide to fonn an alkoxide. The halide is then added to the reaction mixture. 
The reaction can be carried out at ambioiit temperature or with gentle heating (-5(rC) if 

desired. The product or a phaimaceutically acceptable salt thercofcan be isolated using 
conventional methods. 

Many compounds of Formula X are known, see for example Gerster, U.S. Patent 
No. 4,689^38 and Gerster et al., U.S. Patent No. 5,605,899, the disclosures of which are 
incorporated by reference herein; odiers can readily be prepared using known syndetic 
routes, see for example, Andre et al, U.S. Patent No. 5,578,727; Gerster, U,S. Patent No. 
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5,175^96; Nikolaides ct a!., U,S. Patent No. 5^95,937; and Geister et al., U,S. Patent No. 
5,741^08, the disclosures of iiiiich are incorporated by reference herein. Many halides of 
Formula XI are commercially available; ofliers can be readily prepared using known 
synthetic mediods. 

5 

Reaction Scheme I 




X XI XII R^, 



10 Compounds of the invention can also be prepared according to Reaction Scheme n 

where R, R2, Rii, X andn are as defined above. 

In step (1) of Reaction Scheme n the hydroxy group of a lfr-iniidazo[4,5- 
c]qumolin-l-yl alcohol of Formula Xm is protected vn± a benzyl groiq>. The alcohol of 
Formuk XIlI is reacted with sodium hydride in a suitable solvent such as N 

15 dimethylfomiamide to fbmi an alkoxide. The alkoxide is then alkylated with benzyl 
bromide to provide a compound of Formula XIV. The reaction can be carried out at 
ambient temperature. Many compounds of Fomiula XHI are known, see for example. 
Gerster. U.S. Patent 4,689,338; others can readily be prepared using known synthetic 
routes, see for example. Gcrster et al., U.S. Patent No. 5,605.899 and Gcrster, U.S. Patent 

20 No. 5,175.296. 

In step (2) of Reaction Scheme fl a compound of Formula XIV is oxidized to 
provide a l/f-imidazo[4^-c]quinoline-5N-oxidc of Formula XV using a conventional 
oxidizing agent capable of forming N-oxides . Preferably a solution of a compound of 
Formula XIV in a suitable solvent such as chloroform or dichloromethane is oxidized 

25 using 3-chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme H a IH-imidazo[4,5-c]quinoline-5N-oxide of 
Formula XV is chlorinated to provide a 4-chloro-l/^imida2o[4.5-c]quinoline of Foimula 
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XVI. Preferably a solution of a compound of Formula XV in a suitable solvent such as 
toluene is treated with phosphorous oxychloride at ambient temperature. 

In step (4) of Reaction Scheme II a 4-chloro-lff-imidazo[4^-c]quinoline of 
Formula XVI is reacted with phenol to provide a 4-phenoxy-l/f-imidazo[4,5-c]quinoline 
of Formula XVII. The phenol is reacted with^ium hydride in a suitable solvent such as 
diglyme to fonn a phenoxidc. The phenoxide is (hen reacted at an elevated temperature 
widi a compound of Formula XVI. 

In step (5) of Reaction Scheme n the benzyl protecting gro«^ is removed fiom a 
compound of Formula XVn to provide a 4-phenoxy-lfr-imida2o[4,5-c]quinolin-l-yl 
alcohol of Formula XVIIL The reaction is preferably carried out by adding triflic acid in a 
controlled fashion to a solution of a compound of Formula XVn m a suitable solvent such 
as dichloromethane at ambient temperature. 

In step (6) of Reaction Scheme n a 4-phenoxy-lH-imidazo[4,5-c]quinolin-l-yl 
alcohol of Formula XVm is alkylated with halide Hal-Ru to provide a 4-phenoxy-llf- 
imidazo[4,5-c]quinolin-l-yl ether of Formula XDC The alkoxide of a conqxwmd of 
Formula XVra is formed by addmg&e alcohol to a b^haric mixture of aqueous 50% 
sodium hydroxide and an inert solvent such as dicfaloromeftane in the presence of a phase 
transfer catalyst such as benzyltrimcthlammonium chloride. The alkoxide is then 
alkylated. The reaction can be carried out at ambient temperature. 

In step (7) of Reaction Scheme H a 4-phenoxy-lf/-imidazot4,5-c]quinolin-l-yl 
ether of Formula XDC is aminated to provide a l/^imidazo[4,5-c]quinolin-4-amine of 
Formula XH which is a subgenus of Formula L The reaction can be carried out by 
combining a compound of Formula XDC with ammomum acetate and heating the resuWng 
mixture at -ISO^C. The product or a pharmaceutically acceptable salt tiiereof can be 
isolated using conventional methods. 
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Reaction Scheme II 




5 Tetnliydioiimdazoquinolines of the invention can be prepared according to 

Reaction Scheme EI where R, Ri, Ri i, X and n are as defined above. 

In Reaction Scheme III a 4-amino-6,7,8,9-tetialtydn>-l/r-imida2o[4,5-c]quinolin-l- 
yl alcohol of Formula XX is alkylated with a halide of Formula XI to provide a 6,7,8,9- 
tetrahydro-l^-imidazo[4,5-c]quinolin-4-amine of Formula XXI which is a subgenus of 

12 
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Foimula m. The alcohol of Fonnula XK is reacted with sodium hydride in a suitable 
solvent such as N^-dimethylfoimamide to fonn an aOcoxide. The alkoxide is then 
combined with the halide. The reaction can be carried out at ambient temperature. The 
product or a phannaceutically acceptable salt thereof can be isolated using conventional 
5 methods. 

Many tetrahydro-li/-imidazo[4,5-c]quinolines of Formula XX are known, see for 
example, Nikolaides et al., U.S. Patent No. 5,352,784; others can be prepared using known 
synthetic methods, see for example, Lindstrom, U.S. Patent No, 5,693,8 1 1 ; the disclosures 
of which are incorporated by reference herein. 

10 



Reaction Scheme III 




1 5 Compounds of the invention can be prepared according to Reaction Scheme IV 

where R« R2, X and n are as defined above and R12 is a heteroaryl group which may be 
unsubstituted or substituted as defined ir^a. 

In step (1) of Reaction Scheme IV a l/f-tmidazo[4,5-^]quinolin-l-yl alcohol of 
Fomiula Xm is alkylated widi a halide of Fomiula XXII to provide a lff-imidazo[4^- 

20 c]quinolin-l-yl ether of Fonnula XXm. The confound of Fonnula XHI and the halide of 
Fonnula XXQ are combined tii a biphasic mixture of 50% aqueous sodium hydroxide and 
a suitable solvent such as dichlorometbane in the presence of a phase transfo catalyst such 
as benzyltrimethylammonitun chloride. The reaction can be run at ambient temperature. 
In step (2) of Reaction Scheme IV a l£/-imidazo[4,5-c]quinoline of Formula XXm 

25 is oxidized using the method of step (2) of Reaction Scheme II to provide a 1^- 
imidazo[4,5-^]quinoline-5N-oxide of Fonnula XXIV. 
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In stq> (3) of Reaction Scheme IV a lH-imidazo[4,5-c]qumolme-5N-oxide of 
Formula XXIV is reacted wth trichloroacetyl isocyanate to provide a l/f-imidazo[4,5- 
c]qainolin-4-yl acetamide of Formula XXV. Preferably the isocyanate is added in a 
controlled fiishion at ambient temperature to a solution of the 5N-oxide in a suitable 
solvent such as dichloromethane. 

In step (4) of Reaction Scheme IV a l//-imida2o[4,5-c]quinolin-4-yl acetamide of 
Fomula XXV is hydiolyzed to provide a lif-imidazo[4,5-c]quinolm-4-amine of Formula 
XXVI. The hydrolysis can be carried out by conventional methods preferably by treating 
a solution of a compound of Formula XXV in methanol widi sodium methoxide. 

In step (5) of Reaction Scheme IV l/f-imidazo[4,5-c]quinolin-4-ainine of Formula 
XXVI is coupled with a halide of formula Hal-Ru using a transition metal catalyst to 
provide a lif-imidazo[4>c]quinoliii-4-ainine of Formula XXVn which is a subgemis of 
Formula DL Preferably a compound of Formula XXVI is combined with ttud hafide in the 
presence of copper (I) iodide, dichlorobis(tripheiiylphosphine)p«lladium(II), and excess 
triethylamine in a suitable solvent such as N,N-dimethylfonnainide or acetonitiile. The 
reaction is preferably carried out at an elevated temperature (60-80'^. The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional methods. 
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Compounds of the invention can be prepared according to Reaction Scheme V 
where R,R2,R,2.Xandnareas defined above and B CX: is /m-butoxycarbonyl 
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In step (1) of Reaction Scheme V the amino group of a l^-imidazo[4,5-c]quinolin- 
4-amine of Formula XXVI is protected with /err-butoxycaibonyl groups. A compound of 
Foroiula XXVI is combined with di-/erf-butyl dicarbonate in a suitabld^ solvent such as 
NJ^-dimethylformamide in the presence of 4-(dime^lamino)pyridine and tried^lamine. 

S The reaction is carried out at an elevated temperatuie (80-85^. 

In step (2) of Reaction Scheme V a protected l/f-imidazo[4,5-c]quinoIin-4-amine 
of Formula XXVUI is coupled with a halide of formula Hal-Ri2 using a transition metal 
catalyst to provide a protected lH-imidazo[4,5-c]quinolin-4-aimne of Formula XXIX. 
Preferably a compound of Formula XXVUI is combined wi^ the halide in the presence of 

10 copper (I) iodide, dichlorobis(triphenyIphosphine)palladium(IQ, and excess triethylamine 
in a suitable solvent such as N^-dimetfaylfoimamide or acetonitrile. The reaction can be 
carried out at ambient temperatuie or at an elevated temperature (40-80°C). 

In step (3) of Reaction Scheme V the protecting groups are removed by hydrolysis 
under acidic conditions, to provide a li7-imidazo[4,5-c]quinoliii-4-amine of Formula 

15 XXVn which is a subgenus of Formula n. Preferably a compound of Formula XXDC is 
treated with trifluoroacetic acid in a suitable solvent such as dichloromethane. The 
reaction can be run at ambient temperature or at a reduced temperature (0°C). The product 
or a pharmaceutically acceptable salt diereof can be isolated using conventional me&ods. 
In step (4) of Reaction Scheme V fte alkyne bond of a protected l/f-imidazo[4^- 

20 c]quinolin-4-amine of Formula XXDC is reduced to provide a protected l/^imidazo[4,5- 
c]quinolin-4*amine of Formula XXX. Preferably, fhc reduction is carried out using a 
conventional heterogeneous hydrogentation catalyst such as platinum oxide, platinum on 
carbon or palladium on carbon. The reaction can conveniently be carried out on a Parr 
apparatus in a suitable solvent such as metfaanoL 

25 In step (5) of Reaction Scheme V fee protecting groups of a compound of Formula 

XXX are removed in tiie same manner as in step (3) to provide a l/f-iinidazo[4,5- 
c]quinolin-4-amiiie of Formula XXXI ^Mch is a subgenus of Formula I. The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional methods. 



16 



wo 02/46193 



PCT/USOt/46704 



Reaction Scheme V 




R12 



Compounds of flie invention can be prepared according to Reaction Scheme VI 
5 where R, Ri, R12, X and n aip as defined above and CBZ is benzyloxycarbonyl. 

Jn step (1) of Rcactiop Scheme VI the amino group of a ljy-imidazo[4> 
c]quinolin-4-aminc of Fotmuk XXVI is protected with benzyloxycarbonyl groups. A 
compound of Formula XXVI is combined with dibcnzyl dicaibonate in a suitable solvent 
such as N J^-dime&ylfomiamide. The reaction can be carried out at ambient ten^rature 
10 or with mild heating (4(rC). 

In step (2) of Reaction Scheme VI a protected l//'-imidazo[4,5'clquinohn-4-amine 
of Formula XXXn is coupled with a halide of formula Hal-Rw using a transition metal 
catalyst to provide a protected l/^-imidazo[4,5^]qumolin-4-anune of Fonnula XXXm. 
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Preferably a compound of Formula XXXII is combined with Ihe halide in tiie presence of 
copper (I) iodide, dichlorobis(triphenylphosphine)palladiimi(II), and excess triethylamine 
in a suitable solvent such as N^-dimethylformamide or acetooitrile. The reaction cita be 
carried out at ambient temperature or at an elevated temperature (40-80'X:). 

5 In step (3) of Reaction Scheme VI the protecting groups are removed by hydrolysis 

to provide a l/f-imidazo[4,5-c]quinolin-4-amine of Formula XXVn which is a subgenus 
of Formula n. Preferably a compound of Formula XXXHI is treated with sodium 
methoxide in a suitable solvent such as methanol. The reaction can be run at ambient 
temperature. The product or a phannaceutically acceptable salt thereof can be isolated 

10 using conventional methods. 

In step (4) of Reaction Scheme VI the protecting groups of a compound of 
Formula XXXm arc removed by hydiogenolysis and the aU^e bond is reduced to 
provide a lH-imidfl2o[4^-c]quinolin-4-amine of Formula XXXI which is a subgenus of 
Formula L Preferably, the hydrogenolysis/reduction is carried out using palladium 

i 5 hydroxide on carbon. The reaction can conveniently be carried out on a Parr apparatus in 
a suitable solvent such as methanol. The product or a pharmaceutically acceptable salt 
thereof can be isolated using conventional methods. 
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Reaction Scheme VI 




Compounds of the inyention can 1)e prepared according to Reaction Scheme Vn 
where R, Ri, R2, X and n are as defined above. 

In step (1) of Reaction $cheme Vn a 2,4-dichloro-3-nitroquinoline of Fomiula 
XXXIV is reacted with an amine of Fonnula Ri-OX-NHi to provide a 2-chlon)-3- 
nitn;)quinoIm-4.amine of Fonnula XXXV. The reaction can be carried out by adding fte 
amine to a solution of a conq)Ound of Formula XXXIV in a suitable solvent such as 
chloroform or dichlorometiiane and optionally heatmg. Many quinolincs of Formula 
XXXIV are known or can be prepared usmg known synthetic methods (see for example, 
Andre ct al., U.S. Patent No. 4^88,815 and references cited therein). 
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In step (2) of Reaction Scheme Vn a 2H;Woro-3-nitroquinolin-4-amme of Fonnula 

XXXV is reduced to provide a 2-cbloroquinoline-3»4-diainine of Formula XXXVL 
Preferably, the reduction is carried out using a conventional heterogeneous hydrogenation 
catalyst such as platinum on carbon or palladium on carbon. The reaction can 
conveniently be carried out on a Parr apparatus in a suited}le solvent.such as isopropyl 
alcohol or toluene. 

In step (3) of Reaction Scheme VII a 2-chloroquinoline-3,4-diamine of Formula 

XXXVI is is reacted with a caiboxylic acid or an equivalent diereof to provide a 4-chloro- 
l/f-imida2o[4,5-c]quinoline of Formula XXXVII. Suitable equivalents to caiboxylic acid 
inchide orthoesters, and 1,1-dialkoxyalkyl alkanoates. The caiboxylic acid or equivalent 
is selected such that it will provide the desired R2 substituent in a compound of Formula 
XXXVn. For example, triclliyl orthoformate will provide a compomid where Ri is 
hydrogen and triefhyl orthoacetate will provide a compound where R2 is methyl. The 
reaction can be run in the absence of solvent or in an inert solvent such as toluene. The 
reaction is nm with sufficient heating to drive off any alcohol or water formed as a 
byproduct of tiie reaction. Optionally a catalyst such as pyriiUne hydrochloride can be 
included^ 

Alternatively, step (3) can be carried oiit by (i) reacting the diamine of Foimula 
XXXVI witti an acyl halide of Fonnula R2C(0)C1 and then {n) cyclizmg. In part (i) the 
acyl halide is added to a solution of the diamine in an inert solvent such as acetonitrfle, 
pyridine or dichloiomethane. Hie reaction can be carried out at ambient temperature. In 
part (ii) fhe product of part (0 is heated in an alcoholic solvent in the presence of a base. 
Preferably the product of part (i) is refluxed in ethanol in the presence of an excess of 
triethylamine or heated with methanolic ammonia. Alternatively, if step (i) has been nm m 
pyridine, step (ii) can be cMxied out by heating fee reaction mixture after analysis indicates 
that step (i) is complete. 

In step (4) of Reaction Scheme Vn a 4-chlon>-lff-imida2o[4,5-c]quinoline of 
Fomiula XXXVII is ammated to provide a lH-inndazo[4,5-c]quinolin-4-amine of 
Fonnula L The reaction is carried out by heating (e.g.,125-175"C) a compound of 
Formula XXXVII under pressure in a sealed reactor in fee presence of a solution of 
ammonia in an alkanol. The product or a pharmaceutically acceptable salt feeieof can be 
isolated using conventional mefeods. 
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Reactioii Scheme Vn 




Compoui^ of the invention can be prepared according to Reaction Scheme Vm 
where R, Rj, R2, X andn are as defined above. 

In Reaction Scheme Vm a I/f-imidazo[4,5-c]quinolin^amine of Fonnula 
XXXVm is alkylated with a halide of Formula XXXDC to provide a lif-iinidazo[4,5- 
c]quinolin-4-amiije of Formula L The compound of Formula XXXVm is reacted with 
sodium hydride in a suitable solvent such asN>I^ethylformamide. The halide is tiien 
added to the reaction mixture. The reaction can be carried out at an elevated ten^Ksiatuic 
HOOT). Alkylation occurs at both tfieNW&eN' nitrogens; however, die ^ 
isomer can be rcadfly separated from die 3 -isomer using conventional techniques such as 
column chnnnatogrq>hy and recrystallization. 

Many l/f-imidazo[4,5-c]quinolin-4-amincs of Formula XXXVm are known; 
odiers may be prepared using known synflietic mctiiods, see for example, Gerater, U.S. 
Patent No. 5,756,747 and die references cited therein. 
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Reactioa Scheme VIH 




5 Compounds of the invention can be prepared according to Reaction Scheme DC 

where R, Rt Ra, X and n are as defined above. 

In step (1) of Reaction Scheme K a 4-nitrotBtrazolo[l,5-a]qumolin-5-ol of 
Fonnula XL is chlorinated to provide a 5-chloro-4-nitiotetia2olo[ 1 ,5-a]quinoline of 
Formula XLL Conventional chlorinating agents can be used. Preferably tiie reaction is 
10 carried out using; phosphorus oxychloride in a suitable solvent such as NJ^- 

dimethylformamide. 4-Nitn)tetiafa)lo[l,5-a]quinolin-5-ols of Formula XL are known or 
can be prepared using known synthetic meAods (see far example, Gerster, et al., U.S. 
Patent No. 5,741 ,908 and references cited therein). 

In step C2) of Reaction Scheme DC a 5-chioro-4-nitiotetrazolo[l,5-a]qumolinc of 
15 Formula XLI is reacted with an amine of Fonnula Ri-O-X-NHi to provide a 4- 

mtrotetrazolo[l,5-a]quinolin-5-amine of Formula XLH, The reaction can be carried out by 
adding the amine to a solution of a compound of Formula XU in a suitable solvent such as 
dichloromethanc in the presence of triethylamine. 

In step (3) of Reaction Scheme DC a 4-nitrotctrazolo[l>a]quinolin-5-aminc of 
20 Formula XLH is reduced using tfie method of step (2) in Reaction Scheme Vn to provide a 
tBliazolo[l,5-a]quinolin-4,5-diam]ne of Fonnula XLIIL 

bi step (4 ) of Reaction Scheme DC a tBtrazolo[l>alquino^-4,5-diamine of 
Foimnla XLffl is cyclized using the method of step (3) in Reaption Scheme VH to provide 
a dff-imidazo[4,5-c]tetrazolo[l^-a]quinoline of Formula XLIV. 
25 In step (5) of Reaction Scheme DC a 6/f-imidazo[4.5-c]tetrazolo[l,5-fllquinoline of 

Formula XLIV is reduced to provide a lH-imidazo[4^-c]quinolin- 4-amine of Formula L 
Step (5) involves (0 reacting a compound of Fonnula XLIV with triphenylphosphine and 
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then(ii)hydroIyzfag.PattCOcanbecanicdoutbycombmmgac<mq,oundof^^^ 
XLIV with triphenylphosphine in a suitable solvent such as U-dichloiobenzenc and 
heating. Part (ii) involves hydrolysis of the product from part (i). n»e hydrolysis can be 
earned out by conventional methods such as heating in the presence of water or a lower 
alkanol optionaUy in the presence of a catalyrt such as an alkali metal hydroxide or lower 
alkoxide. The product or a phannaceuticaDy accepUble salt thereof can be isolated using 
conventional methods. 

Reaction Scheme DC 




Tetrahydroimidazoquinolines of the invention can be prepared according to 
Reaction Scheme X where R^ Rj. Ru. X and n are as defined above. 

hi step (1) of Reaction Scheme X a 4-amino-6,7,8.9-tetrahydro-lif-imidazo[4,5. 
c]quinoKn-l-yl alcohol of Formula XX is alkylated using the method of Reaction Scheme 
in wia» a haUde of formnhi Hal-(CHz),.,o<aisCH to provide a 6.7,8,9-tetrahydro- W- 
imidazo[4,S-c]quiiioli&-4-aimneofPoimnla XLV. 

In step (2) of Reaction Scheme X a 6. W-tetrahydrD-Lff-lmida2o[4.5^]quinolin- 
4^mune of Formula XLV is coupled using the meOod of step (5) of Reaction Scheme IV 
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wi& a halide of Fonnula Hal-Rn to provide a 6,7,8,9-tetrahydro-lfr-imidazo[4,5- 
c]quinolm-4-amine of Fommla XLIV which is a subgenus of Fonnula IV. The product or 
a phannaceutically acceptable salt tiiereof can be isolated using conventional methods. 




10 Compounds of the invention can be prepared according to Reaction Scheme XI 

where R, R|, Ra, X and n are as defined above. 

In step (1) of Reaction Scheme XI a 2,4Tdihydro3^-3-nitro-6,7,8t9- 
tctraybydroquinoline of Formula XLVn is chlorinated to provide a 2,4-dichloro-3-nitro- 
6,7,8,9-tctrayhydrDquinolinc of Fonnula XLVm. Conventional chlorinatmg agents can be 

15 used. Preferably Ae reaction is carried out by combining a compound of Formula XLVn 
with phosphorous oxychloridc and then heating (55-65^). Compounds of Formula 
XLVn are known or can be prepared using known synthetic methods (see for example 
Nikolaides et al,. U.S. Patent 5,352.784 and references cited Acrein). 

In st^ (2) of Reaction Scheme XI a 2,4-dichlon>-3-nitia-6,7,8^- 

20 tetrayhydioquinoline of Formula XLVm is reacted with an amine of Formula Ri-O-X- 
NHi to provide a 2-K:hlon>-3-mtio-6 J,8,9-tetrahydioquinolin-4-amine of Fonnula XLDC 
The reaction can be carried out by adding Hbs amine to a solution of a compound of 
Fonnula XLVm in a suitable solvent such as N,N-dimethylformamide and heating (55- 
65«C). 
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In Step (3) of Reaction Scheme XI a 2-chloio-3-iii»ro^ J.84MettahydroquiDoIin-4- 
amine of Fomiula XUX is leacted with phenol using the method of step (4) of Reaction 

Scheme H to provide a 2-phenoxy.3-nitro-6,7,8.9-tetrahydioqmnolin-4^e of Fonnula 
L. 

hi step (4) of Reaction Scheme XI a 2-phenoxy-3-mtro-6,7.8.9-teliahydro(piinolm- 
4-amine of Fonnula L is reduced using the method of step (2) of Reaction Scheme VH to 
provide a 2-phenoxy-6.7.8^-tetrahydroquinolin-3.4-diamine of Fonnula LL 

In step (5) of Reaction Scheme XI a 2-phenoxy^.7.8.9-tetiahydroquinolin-3,4- 
diaminc of Fomiula U is cyclized using the method of step (3) of Reaction Scheme VH to 
provide a 4-phcnoxy^57.8.9-tctrahydro-l*imidazo[4.5<l<niinoKne of Fonnula UL 

In step (6) of Reaction Scheme XI a 4-phenoxy-«.7.8^-tetrahydro.ljy- 
imidazo[4,5-c]quinoline of Fonnula Lfl is aminaled using the method of step (J) of 

Reaction Scheme H to provide a 6,7.8.9-tetiahydro-l/f-imidazo[4.5^]quinoliiH4-amine of 
Fomiulain. 
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Reaction Scheme XI 




The invention also provides novel compounds useful as intemiediatBS in Ihe 
syntfiesis of liie compounds of Fomiulas (I). (H), (HI), and (IV). Tliese intemiediate 
compounds have tiie structural Fomiulas (V)-(IX) and (XUV) described in more detail 
below. 
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One class of intennediate compounds has Fonnula (V): 



wherein: 




(V) 

Xis^3.. -CHR3-allcyKor^HR3.aIkenyIs 
Rj is selected horn the group consistiiig of: 

-heteroaiyl; 

-hcterocyclyl; 

-Rr- heteroaryl; 

•RHieterocyclyl; and 

-(CH2),.,o-Ok:.R,o; 
R2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alltyl-Y-alkyI; 
-alkyl-Y-alkenyl; 
-alkyl- Y-aryl; and 

^alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

"C0-C,.,oalkyl; 
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-CO-O-Cwoalkyl; 
-aryl; 

-heteioaiyl; 
-heterocyclyl; 
-CO-aryl; and 
-CO-hetcroaryl; 

R4 is alkyl or alkenyl, which may be intenupted by one or more -O- 
groups; 

each Rj is independently H or Cmo BSkyk 
Rio is heteioaxyl or heterocycl^; 
each Y is independently -O- or --8(0)0^; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyU Ci-io alkoxy> hydroxy, halogen and trifluoromcthyl; 
or a pharmaceuticaUy acceptable salt thereof. 

Another class of intermediates are imidazoquinoline-4^henoxy compounds of 
Fonnula(VI): 




wherein: X is -CHRj-, -CHRj-alkyI-, or-CHRj-alkcnyls 
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10 



30 



Ri is selected fiom the group consisting of: 
-beteroaxyl; 
-heterocyclyl; 
-R4- heteroaiyl; 
-R4-heterocyclyI; and 
-(CH2)Ma-OC.Rio; 
R2 is selected ftom the group consisting of: 
-hydrogen; 
-allQrl; 
-alkenyi; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
15 -alkyl-Y-alkenyl; 

-aOcyl-y-aiyl; and 

- aUcyl or alkenyi substitutsed by one or more substituents selected 
fiom the group consisting of: 
-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 
-CCM:,.,oalkyl; 
-CCWD-Cuioalkyl; 
.-N3; 
-aiyl; 

"heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 

R4 is allqi or alkenyi, which may be interrupted by one or more -O- 
groups; 
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each Ra is indq)endentiy H or Cmo aOcyl; 
Rio is heteroaiyl or heterocyclyl; 
X each Y is independently -O- or -S(0)o-2-; 

n is 0 to 4; and 

5 each R present is independently selected from the group consisting of Ci-io 

aUcyl, Cmo alkoxy, hydroxy, halogen and tnfluonmiediyl; 
or a pharmaceutically acceptable salt thereof. 



Anodier class of intermediate compounds is represented by Fomiula (VII): 




10 



wherein: ZisNHiorNOi; 

X is -<:HR3-, -CHRs-alkyK or-CHRs-aflcenyl-; 
Ri is selected from the group consisting of: 
15 -heteroaiyl; 

-heterocyclyl; 
-R4- heteroaiyl; and 
-R4-betBrocyclyl; 
R4 18 allcyl or aOoenyl, which may be intemipted by one or more -O- 
20 groups; 

each Ra is independently H at C].io aUcyU 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Ci.io 
alkyU Cmo alkoxy, hydroxy, halogen and trifluorometfayl; 
25 or a phannaceutically acceptable salt thereof. 
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ABother class of intenncdiate compoonds has the Fonnula (XLIV): 




PCLTV) 



wherein: X is -CHRa-, -CHRj-aUq^l-, or-^HRj-alkenyl-; 
Ri is selected from the group consisting of: 
-hcteroaryl; 
-heterocyclyl; 
-R4- heteroaryl; and 
-R4-heterocycIyl; j 
Rj is selected from Ihe group consisting of: 
-hydrogen; 
-aDcyl; 
-aOcenyl; 
-aiyl; 

-heteroaxyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
•aDcyl-Y-aryl; and 

" or alkcnyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

^-N(R3)2; 

-CO-C,.ioaIkyl; 

-CCMKTMoalkyl; 
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-N3; 

-aiyl; 

^ -heteioaiyl; 

-heterocyclyl; 

5 -CO-aiyl; and 

-CO-heteroaryl; 

R4 is alkyi or alkenyl, which may be intemtptecl by one or mote-O- 
groups; 

each R3 is independently H or Cuq alk^; 
10 each Y is independently -O- or ^(0)o.r; 

iiis0to4;and 

each R present is independently selected from the ffowp consisting of Cmo 
aXkyX, Ci.io alko)^* hydroxy, halogen and trifhioromethyl; 
or a pbaimaceutically acceptable salt diereo£ 



15 



20 



An additional class of intennediate compoimds has the Fomiula (Vm): 

N—iCOORih 




(vm) 



wheteui: X is -CHR3-, -CHRs-alkyl-, or -CHRj-alkcnjI-; 
Ri ia selected from the group consisting of: 
-heteroaiyl; 
-hetBTOcyclyl; 
25 -!U-helBroaxyl;and 

-R4-heterocyclyl; 
R2 is selected from die group consisting ot 
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-hydrogen; 
-alkyl; 
-aBoenyl; 
-aiyU 

5 -heteroaryl; 

-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyi-Y-alkenyU 
-alkyl-Y-aiyl; and 

10 - alkyl or alkenyl substituted by one or more substituents selected 

from the group consisting of: 

-halogen; 
-N(R3)2; 

15 -CO-N(R3)2; 

-CO-Cwo aBQrl; 

-CO-0-Ci.ioal]^l; 
-aiyl; 

20 -heteioaiyl; 

-heterocycfyl; 
-CO-aiyl; and 
-COheteroaiyl; 



25 R4 is alkyl or alkenyl, which may be interrtipted by one or more -O- 

groi^; 

each R3 is independently H or Cmo aSkyl; 
each Y is independently -O- or -S(0>w-; 
ni80to4; 

30 eachR present is independent^ selected from fbo group consisting of Cmo 

allyl, Ci-to aBcoxy, hydroxy, halog^ and tiifluoromethyl; and 
R7 is tertAmtyl or ben2yl; 
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or a phaimaceutically acceptable salt hereof. 

A further class ofintermediates are iiDidazoquinoline-4-cliloro compounds of fhe 
Formula (DO 



5 




(K) 



wberein: Xb<ini3-,-CHR3-aIkyl-,or-CHR3-alkenyl-; 
10 Ri is selected from Hie group coiisistm;go£ 

-heteroaiyl; 

-heterocyclyl; 

-Rr- heteroaryl; and 

-Rr^ieterocyctyl; 
IS R2 is selected from die group consisting of. 

hydrogen; 

-alkyl; 

-alkenyl; . 

-aryl; 

20 -bcteroaiyl; 

-heterocyclyl; 
-alkyl-Y^iIkyl; 
-aJkyl-Y-alkenyl; 
-ali^'-Y'^l; and 

25 -alk>1 or alkcnyl substituted by one or more substitucnts selected 

from Ihe group consisting o£ 
-OH 



34 



wo 02/46193 



PCT/USOl/46704 



-halogen; 
-N(R3)2; 
-CO-N(R3)2; 
-CO-Cmo alkji; 
-CO-O-CnoaDcyl; 
-N3; 
-aiyl; 

-hcteroaryl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-hetcroaiyl; 

R4 is alkyl oralkenyl, which may be interrupted by one or more -O- 
groups; 

15 each R3 is independently H or Cmo alkyl; 

each Y is independently -O- or -S(0)o.2-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyl» Ci.io alko?^, hydroxy, halogen and trifhioromethyU 
20 or a phannaceutically acceptable salt diereof. 



5 



10 



As used herein, the terms "alkyl", "alkenyl" and the prefix "alk-" are inclusive of 
both straight chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
cycloalkcnyl. Unless odierwise specified, these groups contain from 1 to 20 carbon atoms, 

25 with alkenyl groups containmg from 2 to 20 carbon atoms. Preferred groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably 
have from 3 to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclq)entyl, cyclohexyl, cyclopropyhnethyl, and adamantyi 

In addition, the alkyl and alkenyl portions of -X* groins can be unsubstituted or 

30 substitutsd by one or more substituents, which substituents are selected from the group 
consisting of alkyl, alkenyl, aryl, heteroaryl, hctcrocyclyl, aiylalkyl, heteroarylalkyl, and 
heterocyclylalkyl. 
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The term "lialoalkyr is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluoiinated groups. This is also true of groups diat bchide 
the prefix lialo-". Examples of suitaBle haloalkyl groups are chloromethy 1, 
trifhioiome^l, and tiie Hke. 

5 The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 

Examples of aiyl groups include phenyl, naphthyl, biphenyl, Huorenyl and indenyl. The 
term '^eteroaryP includes aromatic rings or ring systems that contain at least one ring 
hetero atom (e.g., O, S, N)- Suitable heteroaiyl groups include fmyl, tfaienyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyU pyrrolyl, tetrazolyl, imidazolyU 

10 pyrazolyl, oxazolyl, tibiazolyl, benzofutanyl, benzothiophenyL caibazolyl, benzoxazolyl, 
pyrimidinyl, quinoxaliny], benzimidazolyl, bcnzofliiazolyl, naph&yridinyl, isoxazolyl, 
isotiuazolyl, quinazolinyl, purinyl, and so on. 

'^eterocyclyr includes non-aromatic rings or ring systems that contam at least 
one ring hetero atom (e.g., O, S, N) and includes the fully saturated and partially 

15 unsaturatedderivativesofanyofAe above mentioned heteroaiyl groups. Exemplary 

heterocyclic groups include pynolidinyl, tetrahydrofiiianyl, moipholinyl, tfaiomoipholinyl, 
piperidinyl, pipetazinyl, thiazolidinyl, imidazolidinyl, isodiiazolidinyl, and the like. 

The aiyl, heteroaiyl, and heterocyclyl groups can be unsubstituted or substituted by 
one or more substituents independently selected torn the group consisting of alkyl, 

20 alkoxy, alkylthio, haloaliyl, haloaOcoxy, haloalkylfhio, halogen, nitro, hydroxy, mercapto, 
cyano, caiboxy, formyl, aiyl, aiyloxy, arylthio, aiylalkoxy, azylalkyltiuo, heteroaiyl, 
heteroaiyloxy, heteroaiylthio, heteroarylalkoxy, heteroaiylalkylthio, amino, aUcylamino, 
diaDcylamino, betBrocycl)d, heterocycloalkyl, alkylcaibonyl, alkenylcaibonyl, 
aQcoxycarbonyl, haloaOcylcaibonyl, haloaOcoxycaibonyl, alkylthiocarbonyl, aiylcaibonyl, 

25 heteroaiylcaibonyl, aiyloxycaibonyl, heteroaiyloxycaibonyl, aiyl^ocaibonyl, 

heteroai)dthiocaiboiiyl, alkanoyloxy, alkanoyldiio, alkanoylamino, aroyloxy, aroyllfaio, 
aipylamino, alkylaminosulfonyl, aflcylsulfonyl, aiylsulfonyl, heteioaiylsulfbn^ 
atyldiazinyU allQrlsulfon^ainiiio, aDcyienesutfimylamiiio, aiylsuIfonylainiDO, 
aiylalkylsuIfoinylaiimio^ietBioaiylsulfoiqr]^^ heteroalkylsnlfoaylamino, 

30 alkylcaibonylainino, alkenylcaibonylamino, aiylcaiboiiylanuDO« aiylalkylcaibonylamino, 
heteroaiylcarbonylamino, heteroaiylaScylcaibonylamino, aDcylaminocaibonylamino, 
aUcenylaminocaibonylamino, aiylaminocarbonylamino, aiylalk^aminocaxbonyl. 
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heteroaiylaminocaAonylainmo. hcrteroaiylalkylaminocarbonylammo. but, in the case of 
heterocyclyl. alkylcaibonyl. alkenylcarbonyl, haloalkylcarbonyl. aiylcarbonyl, 
heteroaiylcaibonyl. alkylthiocaAonyl. aryltliiocaibonyl. hetetoaiylcaibonyl. 
alkylaminosulfonyl. alkylsulfonyl. aiylsulfonyl. and heteroaiylsulfonyl are notpennitted. 
If any other groups are identified as being "substituted" or "optionally substituted", then 
those groups can also be substituted by one or more of the above enumerated substituents. 

Certain substituents are generally preferred. For example, preferred heleroaiyl 
groups include 2-pyridine. 3-pyridine, 4-pyridine. 2-pyrinudine. and 5-pyrimidinc. 
Preferably no R substituents ate present (i.e.. n is 0). Preferred Rj groups include 
hydrogen, alkyl groups having 1 to 4 carbon atoms (i.e.. methyl, ethyl, propyl, isopropyl. 
n-butyl. sec-butyl, isobutyl. and cyclopropylmethyl). methoxyethyl, and ethoxymethyl. 

One or more oftlKscprefeiied substituents. ifpiesent. can be present in the compound 
the invention in any combination. 

The invention is inclusive of the compounds described herein b any of their 
pharmaceutically acceptable forms, mcluding isomers (e.g.. diastereomers and 
enantiomen). salts. soWates, polymorphs, and the like. In particular, if a compomid is 
optically active, the invention specifically includes each of the compound's cnantiomcrs as 
weU as racemic mixtures of tiie enantiomm.. 

Phapwapeutical Comrwsitions and Rinlnp ,>ii ^"jjj-jiy 

Pharmaceutical compositions of fte invention contain a therapeutically effective 
amount of a compound of the invention as described above in combination witii a 
pharmaceutically acceptable carrier. 

The term "a therapeutically effective amount" means an amount of the compound 
sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/orantiviral activity. Altiioughflie exact amount of active compound used In a 
pharmaceutical composition of the invention wffl vary according to ftctors known to those 
of sfciU in die art, such as tiKS physical and chemical nature of the conqxiund, tiie nature of 
the earner, and tiie mtended dosing regimen, it is anticipated tiiat tiie compositions of the 
invention wiU contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg4cg. preferably about 10 jigrtcg to about 5 mg/kg. of the compound to the 
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subject Any of the conventiozial dosage foans may be used, such as tablets, lozenges, 
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 
patches, transmucosal patches and the like. 

The compounds of the invention can be administered as die single therapeutic 

5 agent in the treatment regimen, or the compounds of the invention may be administered in 
combination with one another or with other active agents, including additional nnmune 
response modifiers, antivirals, antibiotics, etc. 

The compounds of the invention have been shown to induce the production of 
certain cytoldnes in experiments performed accorxling to the tests set forth b^^ These 

10 results indicate that the c<Miipounds are useful as immune response modifiers ttat can 

modulate the immune response in a number of different ways, rendering tfaem useful in the 
treatment of a variety of disorders. 

cytokines whose production may be induced by the administration of compounds 
according to the invention generally include interferon-a (IFN-q) and/or tumor necrosis 

15 factor-a CTNF-a) as well as certain interlcukins (IL). Cytokines whose biosynthesis may 
be induced by compounds of the invention include IFN-o, TNF-kx, IL-1, IL-6, IL-10 and 
EL- 12, and a variety of other cytokines. Among other effects, these and other cytokines 
can inhibit virus production and tumor cell growth, making die compounds useful in the 
treatment of viral diseases and tumors. Accordingly, the invention provides a method of 

20 inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the hxvention to the animal. 

Certain compounds of die invention have been foimd to preferentially induce die 
expression of IFN-a in a population of hematopoietic cells such as PBMCs (perqiheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) widiout 

25 concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, die compounds of 
die invention affect other aspects of the innate immune response. For example, natural 
kiUerceU activity may be stimulated, an effect dmt may be due to cytokine inductiooL The 
compounds may also activate macrq)hages, which in turn stimulates secretion of nitric 

30 oxide and the production of additional cytokines. Furdier, the compounds may cause 
proliferation and differentiation of B-lynqihocytes. 
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Compounds of the invention also have an effect on the acquiied immune response. 
For example, although there is not believed to be any direct efifect on T cells or direct 
induction of T cell cytokines, the production of the T helper type 1 (Thl) cytokine IFN-7 
is induced indirectly and the production of the T helper type 2 (Th2) cytokines IL-4, IL-5 

5 and IL-13 are inhibited upon administration of the compounds. This activity means that 
the compounds are useful in the treatment of diseases where upregulation of the Till 
response and/or downregulation of tiie Thl response is desired. In view of the ability of 
compounds of &e invention to inhibit the Th2 immune response^ the compounds are 
expected to be useful in &e treatment of atopic diseases, e.g., atopic dermatitis, asthma, 

10 allergy, allergic ihinitis; systemic lupus eiythematosis; as a vaccine adjuvant for cell 
mediated immunity; and possibly as a treatment for recurrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them useful in 
the treatment of a wide variety of conditions. Because of their ability to induce the 

1 5 production of cytokines such as IFN-a and/or TNF-ct, flie compounds are particularly 
useful in Hie treatment of viral diseases and tumors. This immunomodulating activity 
suggests that compounds of fbt invention axe useful in treating diseases such as, but not 
limited to, viral diseases including genital wart^ common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus Type I and Type 11; molhiscum contagiosum; 

20 variola, particularly variola major; rhinovirus; adenovirus; influenza; para-influenza; HIV; 
CMV; VZV; intraepithelial neoplasias such as cervical intraepithelial neoplasia; human 
papillomavirus (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, 
and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, haiiy cell 
leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous 

25 leukemia» multiple myeloma, melanoma, non-Hodg|cm's lymphoma, cutaneous T-cell 
lymphoma, and o&er cancers; parasitic diseases, e.g. Pneumocystis camii, 
ciyptosporidioaisy histqilasmosis, toxoplasmosis, tzypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
AdditioDsl diseases or conditions Aat can be treated using the compounds of the invention 

30 include actinic keratosis; eczema; eosinophilia; essential thrombocythaemia; leprosy; 
multiple sclerosis; Ommen's syndrome; discoid lupus; Bowen's disease; Bowenoid 
papulosis; alopecia areata; the inhibition of keloid formation after surgery and other types 
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of post'Surgical scars. In addition, these compounds could enhance or sdmulate the 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
die opportunistic infections and tumors that occur after suppression of cell mediated 
immunity in, for exanq)le, transplant patients, cancer patients and HIV patients. 

An amount of a compound effective to induce cytokine biosynthesis is an amount 
sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokmcs such as, for example, IFN-cl, 
TNF-a, IL-1 , JL'6, IL-10 and IL-12 that is increased over tiie background level of such 
cytokines. The precise amount will vaiy according to fectors known in the ait but is 
3 expected to be a dose of about 100 ng/kg to about 50 mg/kg. preferably about 10 >ig/kg to 
about 5 mg/kg. The invention also provides a method of treating a viral infection in an 
animal and a me&od of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of the invention to the 
animal. An amount effective to treat or inhibit a viral infection is an amount that will 
5 cause a reduction in one or more of the manifestations of viral infection, such as viral 

lesions, viral load, rate of virus production, and mortality as compared to untreated control 
animals. The precise amount will vary according to fectors known in the ait but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 |ig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
20 amount that will cause a reduction m tumor size or ID die number of tumor foci. Again, 
the precise amount will vary according to fectois known m ttie art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to about 5 mg/kg. 

The invention is further described by the foUowing exanq>lcs, which are provided 
for illustration only and are not intended to be limiting in any way. 



25 



30 



In the examples below some of the compounds were purified using semi- 
preparative HPLC. Two different meAods were used and they are described below. Both 
methods used a A-lOO Gilson-6 equipped with 900 Series Intelligent Interfece. The semi- 
prep HPLC fractions were analyzed by LC-APCI/MS and the appropriate fractions were 
combined and lyophilized to provide the trifluoroacetate salt of the desired compound. 
Method A 
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Column: cohunn Microsorb CIS, 21.4 x 250 mm, 8 micron particle size, 60 A pore; 
flow rate: 10 mUmin.; gradient elution from 2-95% B in 25 min., hold at 95% B for 5 
min., where A=0.1 % trifluoroacetic acid/water and B=0.1% trifluoroacetic 
acid/acetonitrile; peak detection at 254 nm for triggering fraction coUectioa 
5 Method B 

Column: Phenomenex Capcell PakCl 8, 35 x 20 mm, 5 micron particle size; flow 
rate: 20 mL/min.; gradient ehition from 5-95% B in 10 min., bold at 95% B for 2 min.. 
^ere A^O.l % trifluoioacetic acidAwater and B^.1% trifluoroacetic acid/acetonitrile; 
peak detection at 254 nm for triggering fraction collection. 
10 Example 1 

l-(2-{[3-(Isoquinolin-4-yI>2-propynyl]oxy}e%l)-li/-imidazo[4,5^^ 




PartA 

15 2-(lif-Imidazo[4,5-c]quinolin-l-yI)-l-cthanol (28.5 g, 0.133 mol) was added in 

portions over a period of 1 hour to a mixture of sodium hydroxide (240 mL of 50%), 
dichloromethane (240 mL), propargyl bromide (39.6 g of 80%, 0.266 mol) and 
benzyltrimetiiylammonium chloride (2.46 g, 0.013 mmol). The resulting reaction mixture 
was allowed to stir at ambient temperature for 16 hours at which time the reaction mixture 

20 was homogeneous. The layera were separated. The aqueous fraction was extracted widi 
additional dichloromethane. The organic fractions were combined, washed with water, 
dried over magnesium sulfate and then concentrated under reduced pressure. The 
resulting residue was combined with dieftyl ether and the mixture was allowed to stir. An 
orange solid was isolated by filtration. This material was recrystallized from ethyl acetate 
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to provide 19.8 g of 2-(li/-mudazo[4^-c]qumolin-l-y])etliyl (2-pTopynyl) ether as a 
yellow crystalline solid, m.p. 124-126*C. 

Analysis. Calculated for CisHjaNjO: %C, 71.70; %H, 5.21; %H 16.72. Found: %C. 
71.85; %H, 5.25; %N. 16.90 
5 *H NMR (300 MHz, DMSO) 6 921 (s, 1 H), 8.44 (m, 1 H), 8.36 (s, IH), 8.18 (m, 1 H), 
7.71 (m, 2 H), 4.93 (t, J =5.1 Hz, 2 H). 4,14 (d, J = 2.4 Hz. 2 H). 3.98(t, J = 5.1 Hz,2H), 
335(t,J = 2.2Hz,lH) 

HRMS(ESI) calcd for C15H14N3O (MH*) 252.1 137, found 25^1 141 
PartB 

10 2-(l/Mnridazo[4,5-c]quinolin-l-yl)etiiyl (2-propynyI) ctfacr (19.7 g, 78.4 mmol) 

and chloroform were combmed and then cooled to 0"C. 3-Chloioperoxybenzoic acid (15.7 
g of 57-86%) was added and tiie mixture was allowed to stir for 0.5 hour. The mixture 
was allowed to warm to ambient temperature by which time all material was in solution. 
Analysis by thin layer chromatography (TLC) indicated that some starting material was 

15 still present so more 3-chloropcroxybenzoic acid (two separate 4 g portions) was added. 

About 0.5 hour after the second portion was added, TLC showed no starting inaterial. The 
reaction solution was retracted wifli 10% sodium hydroxide. The aqueous fracdon was 
then extracted multiple times witii dichloromelhane. The organic fractions were 
combined, dried over magnesium sul&te, filtered and dien concentrated under reduced 

20 pressure to provide 18.5 g of H2-(2-propynyloxy)efliyl]-l/Wmida2o[4,5-c]quinoline-5N- 
oxide as a yellow oil. 

HRMS(£SI) calcd for C15H14K3O2 (MH^ 268.1086, found 268.1098 
Parte 

Under a nitrogen atmosphere trichloroacetyl isocyanate (1 5.5 g, 82.2 nunol) was 
25 added dropwise to a mixture of l-[2-(2-propynyloxy)ethyl]-lff-imidazo[4,5-<:)quinolme- 
5N-oxide (18.3 g, 68.5 mmol) and dichloromelhane (300 mL). Vigorous carbon dioxide 
evolution was observed. After about 0.5 hour all oftfie material was in solutioiL The 
reaction solution was allowed to stir for about 1 hour at which time analysis by TLC 
indicated the presence of a small amount of starting material. More trichloroacetyl 
30 isocyanate (4.5 g) was added After 1 hour, TLC analysis indicated that the reaction was 
' complete. The volatiles were removed under reduced pressure to provide N-{l'[2-(2- 
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propynyloxy)ethyl]-l^-imidazo[4,5-<]quinolin-4-yl}.2^^^^ as a pale 

yellow solid. 

PartD 

Dichloromethane (1 50 mL) was added to a mixture of the solid from Part C and 
5 methanol (200 mL) and all of the material went into solution. Sodium methoxide (50 g of 
25% in methanol) was added and the solution was allowed to stir at ambient tempeiatuxe 
ovetnight The resultmg precipitate was isolated by filtration. The filtrate was 
concentrated to a volume of approximately 100 mL and a second crop of piec^tate was 
isolated by filtration. The two crops were combined and dried in a vacuum oven at 60^ 
10 for 16 houra to provide 16.4 g of l-[2-(2-pn>pynyloxy)etiiyl]-ljy-imidazo[4^-c]quinolin- 
4-amine as an off-white solid, m.p. 225-227'C. 

Analysis. Calculated for C15H14N4O (H20)v4: %C, 66.53; %H, 5.40; %N, 20.69. Found: 
%C. 66.33; %H, 5.18; %N. 21.12 

NMR (300 MHz, DMSO) 5 8.13 (s, 1 H), 8.08 (br d, J = 7.8 Hz, 1 H), 7.62 (br d, J 
15 8.3 Hz, I H), 7.44*(br t, J = 7.6 Hz, 1 H), 724 (br t, J - 7.5 Hz,* 1 H), 6.54 (s, 2 H), 4.81 (t, 
J = 5.4Hz,2H),4.14(d.J = 2,4Hz.2H),3.93(t,J = 5.1Hz.2H),3.38(t.J = 2.4Hz.l 
H) 

HRMSOESI) calcd for C15H15N4O (MH*) 267.1246, found 267.1253 
PartE 

20 Under a nitrogen atmosphere l-[2-(2-propynyloxy)ethyl]-lif-imidazo[4,5* 

c]quinoHn-4-amine (16 g, 60.1 mmol), di-(ert-huty\ dicarbonate (32.7 g, 150 mmol), 
tricthylamine (21 mL, 150 mol), N,N-dimethylformamide (150 mL) and 4- 
(dimethylamino)pyridinc (0.1 g) were combined and heated to 80-85'*C. After about 1 
hour the mixture became homogeneous and TLC analysis indicated tiiat very little starting 

25 material remained. The solution was heated for an additional hour. The solution was 

diluted widi elh^ acetate and water. The layers were separated and iho aqueous fraction 
was extracted with ethyl acetate. Theorganicfiactions were combined, washed with 
water and fliea wi& brine, dried over magnesium sulfiite, filtered and flien concentrated 
under reduced pxeasuxe to provide a pale orange-^yellow solid. This material was triturated 

30 with die&yl ether to provide 22.6 g of NJ^-(bis r€rf-butoxycaiboiryl)-l-[2^2- 

propynyloxy)e^yl]-l/f-imidazo[4,5H;]quinolin'-4-4niine as an off*whitB solid, m.p. 139- 
142'C. 
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Analysis. Calculated forC25H3oN405:%C, 64.36; %H, 6.48; %N, 12.0i: Foun± %C 
64.40; %H, 6.43; %N. 12.06 

NMR (300 MHz, DMSO) 6 8.44 (m, 1 H), 8.35 (s, I H). 8.08 (m, 1 H), 7.73 (m, 2 H), 
4.94 (t, J = 4.9 Hz, 2 H), 4.12 (d, J = 2.4 Hz, 2 H). 3.98 (t. J = 5.1 Hz. 2 H). 3.31 (t, J = 2.4 
5 Hz,lH).1.34(s,18H) 

HRMS(ESI) calcd for C25H31N4O5 (Mtf) 467.2294. found 467.2307 
PaitF 

Under a nitrogen atmosphere NJ^-(bis teft-butoxycarbonyl)-l-[2-(2- 
prapynyloxy)etfayl]-lJEf-inudazo[4.5-c]quinolin-4-amine (1.0 g» 2.14 nunot), trietfaylamine 

10 (0.8 mL, 5.56 nunol) and N,N-dmietiiylfotmamide (25 mL) were combined and the 

resulting solution was heated to 80-85°C. Dichlorobis(triphenylphosphine)palladium(II) 
(0.08 g, 0.11 mol), coppei(I) iodide (0.04 g, 0.21 nunol) and 4-bTomoisoquinoline (0.49 g, 
2.3 S nunol) were added. After 3 hours analysis by higjh performance liquid 
chromatography (reverse phase with an acetonitrile/water gradient) indicated that the 

15 reacdon was complete. The reaction solution was slowly poured into water with vigorous 
stirring. A cream colored precipitate was isolated by filtration, washed with water and 
then dried in a vacuum oven (<40"Q for 16 hours to provide 1 21 g of N,N-(bis tert-* 
butoxycaibonyl)-l-(2-{[3-(isoquinolin'4-yl)-2-propynyl]oxy}etfayl)-lH^imidazo[4^ 
c]quinolin-4-amine. 

20 HRMS(EI) calcd for C34H35N5O5 (M*) 594.2716, found 594.2732 
PartG 

Under a nitrogen atmosphere, the material from Part F was added in portions to a 
mixture of dichloromethane (5 mL) and trifluoroacetic acid (5 mL). The resulting solution 
was allowed to stir at ambient temperature for 2 hours at which time TLC indicated tiie 

25 reaction was complete. The solvents were removed under reduced pressure. The residue 
was diluted with dichlorometibane/^etfaanol (~4/l) and 20% sodhim hydroxide. The 
layers were separated. The aqueous fiaction was extracted with 
dichloromethane/methanol (^/l). The organic fractions were combined, dried over 
magnesium sul&te, filtered and then concentrated under reduced pressure. The residue 

30 was purified by flash chromatography to provide 0. 1 5 g of 1 -(2- {[3-(i3oquinolin-4-yl)-2- 
propynyl]oxy}ethyl)-l//-iinidazo[4,5'c]quinolin-4-aniine as an off-white solid, m.p. dec > 
205'. 
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'H NMR (300 MHz, DMSO) 5 9.30 1 H), 8.43 (s, 1 H), 835 (s, 1 H), 8.1 9 (m. 2 H), 



7.88 (br d, J « 8.0 Hz, 1 H), 7.65 - 7.80 (m. 4 H), 7.60 (d, J » 8.3 Hz, 1 H), 7.49 (1. J = 7.8 
Hz, 1 H), 734 (t, J = 7.8 Hz, 1 H), 4.93 (t. J = 4.9 Hz, 2 H), 4.57 (s, 2 H), 4. 14 (t, J = 5.1 
HZ.2H) 

HRMS(ESI) calcd for C24H19N5O (MH*) 394.1668, found 394.1669 



Using the general method of Example 1 Part F, KJ*l-(bis r(erf-butoxycaxbony1)-l- 
[2-(2-propynyloxy)ethyl]-l/^imidazo[4,5-c]quinolin-4-amine (1.0 g, 2.14 mmol) was 
reacted with 2-bromothiazole to provide 0.97 g of NJ^-(bis /crf-butoxycarbonyl)-l-(2-{[3- 
(13-thiazol-2-yl)'2-propynyl]oxy}ethyl)-li/-imidazo[4,5-c]quinoHn-4-axn^ as a glassy 
yellow solid. 
MS (CI) 550, 450, 350 
PartB 

Using die general method of Example 1 Part G, the material from Part B was 
hydiolyzed to provide 0.1 1 g of l-C2-{[3<13-tfiiazpl-2-yI)-2-propyiiyI]oxy}cfliyl)-liir- 
imidazo{4,5-c]quinolin-4-amine as a white solid, m.p. 157-159**C. 
Analysis. Calculated for CigHisNsOS • (HiO)!/*: %C, 61.09; %H, 4.42; %N. 19.79. Found: 
%C. 61.06; %H, 437; %N. 19.53 



Example 2 

l-<2-{[3-(13-Thiazol-2-yl)-2-propynyl]oxy}ethyl> 
lif-imidazo[4,5-c]quinolin-4-amine 




PaitA 
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'H NMR (500 MHz, DMSO) 6 8.18 (s. 1 H), 8.1 1 (d, J = 7.9 Hz, 1 H), 7.89 (dd, J = 17.7. 
2.9 Hz. 1 H), 7.62 (d, J = 7.9 Hz, 1 H), 7.43 (t, J « 7.5 Hz. 1 H), 723 (t, J = 7.5 Hz, 1 H), 
6.64 (s, 2 H), 4.83 (m. 2 H). 4.50 (s. 2 H), 4.01 (m, 2 H) 
HRMS(EI) calcd for CigHisNsOS (M*) 349.0997, found 349.0988 
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Example 3 

l-(2-[3-(lif-Pyrazol-4-yl)propoxy]e&yl}-lif-imidazo[4,5-c]qum 

s 





PaitA 

N^-(bia rert-butoxycaibonyl)-l-[2-(2-propynyloxy)ethyl]-li/-iniidazo[4,5- 
c] quinoliii-4-aiiiiBC (2.25 g, 4.82 mmol), triethylamiBe (1.34 mL, 9.64 mmol), 4- 
iodopyrazole (1 .02 5.30 mmol) and anhydrous acetonitzile (40 mL) were combined. 
I^trogen was bubbled fhiougli &e resulting solution for 10 minutes. 
DichIorobis(triphenylphosphine)paIIadium(II) (68 mg, 0.096 mol) and coppei(I) iodide 
(37 mg, 0.192 mmoO were added and the solution was heated to 40X. After 1 hour 
analysis by HPLC (reverse phase) indicated tiiat no reaction had taken place. The reaction 
sohition was heated to about 90X. After 4 hours analysis by HPLC indicated that the 
reaction was complete. The volatiles were removed under reduced pressure. The residue 
was purified by flash chromatography (9/1 dichlorometiiane/methanol) to provide 1.2 g of 
NJ^KWsterf-butoxycarbonyl)-H2-{[3-(lK-pyrazoM-yl)-2-pro^ 
inudazo[4.5-c]quinolin-4-amine as a white solid. 
Parte 

The material from Part A was combined witti methanol (-20 mL) and cata^ 
(025 g of 10% paUadium on carbon). The mixture was hydrogenated for 4 hours at which 
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time anal3rsis by reverse phase LC-MS indicated leduction to die alkene and die aOcane. 
More catalyst (0^5 g) was added and the mixture was hydiogenated for 2 days at which 
time LC-MS indicated one product with no starting material or alkene. The mixture was 
filtered and the filtrate was washed with methanol. The solution was concentrated to give 
5 a solid This material was purified by flash chromatography (9/1 

dichloromethane/methanol) to provide 0.9 g of N,N-<bis /^r/-butoxycarbonyl)-l-{2-[3- 
(li/-pyrazol-4-yl^ropoxy]ethyl}-li^^irnida2o[4,5-c]quinolin-4-aminc as a white solid. 
'H NMR (300 MHz, DMSO) 812.43 (br s, 1 H), 8.48 (br d, J = 7,1 Hz. 1 H), 837 (s. IH), 
8.08 (br d, J » 73 Hz, 1 H), 7.72 (m, 2 H). 730 (br s, 1 H). 7.14 (br s, 1 H), 4.92 (t. J = 4.9 
10 Hz.2H),3.88(t,J«4.9Hz,2H).2.22(t,J = 7.8Hz,2H).1.56(m.2H), 131(8. 18 H) 
MS (EI) 537, 437, 337 
Parte 

Under a nitrogen atmosphere trifluoroacetic acid was added to a mixture of NJ^- 
(biste7t-butoxycarbonyl)-l-{2-[3-(lH-pyrazoM-yl)propoxy]e%l}-lif-iinid^ 

1 5 c]quinolin-4-amine (6.5 g, 0.93 mmol) and dichloromcthane (5 mL). The resulting 

solution was allowed to stir for 16 hours at which time analysis by LC-MS indicated that 
the reaction was complete. The solvents were removed under reduced pressure. The 
residue was dissolved in elhyl acetate (-'lO mL) and triethylamine (2 mL) was added. A 
precqntate formed and the reaction mixture was allowed to stir for 2 hours. The solid was 

20 isolated by filtration and then it was purified by flash chromatography (9/1 to 8/2 
dichloromethane/methanol) to provide 0.18 g of l-{2-[3-(lff-pyrazo-4- 
lyl)propoxy]ethyl}-lH-imidazo[4,5-c]quinolin-4-amine as a white solid, m.p. 163-169X. 
Analysis. Calculated for CisHjoNeO • (CF3C02H)o.i3 %C, 62.18; %H, 5.75; %F, 2.42; %N, 
23.77. Found: %C. 61.86; %H, 5.70; %F. 2.52; %N, 23.44 

25 *H NMR (300 MHz, DMSO) 6 12.50 (br s, 1 H), 8.20 (s, 1 H), 8.15 (d, J = 83 Hz, 1 H), 
7.66 (d, J » 8.3 Hz, 1 H), 7.49 (t, J » 7.6 Hz, 1 H), 7.29 (t, J « 7.6 Hz, 1 H), 7.1 5 - 7.40 (br 
•8,2H), 7.00 (br8,2H), 4.81 (t,J«4.6Hz,2H), 3.84 (t,J = 4.6Hz,2H), 334 (t,J = 6.1 
Hz, 2 H), 2.27 (t, J = 7.6 Hz, 2 H). 1.60 (m, 2 H) 
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Example 4 

l-[2-<3-Pyriniidin-2-ylpropoxy)e%Il-lff-iiiiidazo[^^^ 




PartA 

5 Under a nitrogen atmosphere dibenzyl dicaibonate (50 g, 1 74 mmol) was added to 

a mixture of 142K2-propynyloxy)etiiyl]-l/r-imida2o[4,5-c]quinolm-4-amm (16.4 g, 61.6 
mmol) and anhydrous N^SJ-dimethylformamide (200 mL). The reaction mixture was 
allowed to stir at ambient temperature for 16 hours and the reaction m 
homogeneous. The reaction mixture was partitioned between efliyl acetate and water. The 

10 layers were separated. The aqueous layer was extracted with etiiyl acetate. The organic 
fractions were combined, washed with water, washed with brine, dried over magnesium 
sul&te, fOtcrcd and then concentrated under reduced pressure to provide a semisolid. This 
material was triturated with diethyl etiiier to provide 27.4 g of N,N-(bis 
benzyloxycarbonyl>l-l2-(2i)ropynyloxy)ethyl]-li^imida2o[4,5-c]q^ as a 

15 white solid. 
PartB 

NjNr-(Bis bcn2ylo3orcalbonyl>^[2•<2-p^>pynyloxy)etlQrl].l/^imid^ 
c]qumolin-4-amine (1.00 & 1.87 mmolX anhydrous acetonitrile (10 mL), triethylamine 
(0.68 mL, 4.86 mmol), and 2-bromopyrimidine (0.327 g, 2.06 mmol) were combined. 

20 Under a nitrogen atmosphere copper (I) iodide (0.014 g) and 

dichlorobis(triphenylphosphine)paUadium(II) (0.026 g) were added. The reaction mixture 
was maintained at ambient temperature for 15 minutes and then heated to 80^ for 1.5 
hours. The reaction mixture was diluted with ethyl acetate and water. The aqueous layer 
was separated and then extracted witti e%l acetate until no UV materials rcmamed in the 

25 aqueous layer. The organic fractions were combined, washed with aqueous sodium 

bicarbonate and brine, dried over magnesium sulfete, filtered and Acn concentrated under 
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reduced pressure. The residue was purified by column chromatography eluting with 98/2 
ethyl acetate/methanol to provide 0.68 g of a mixtme of the mono and di 
bcnzyloxycaibonyl protected l-{2-[(3-pyrimidin-2-ylprop-2-ynyl)oxylethyl}-l/f- 
imidazo[4,5-c]quinolin-4-amine. 
5 'H NMR (30O MHz, DMS0-d6) 5 8.78 (d, J= 4.9 Hz. 2 H), 8.49 (m, 1 H), 8.45 (s, 1 H), 
8.12 (m, I H), 7.73-7.78 (m, 2 H), 7,50 (t, J- 4.9 Hz, 1 H), 7.23-7.28 (m, 6 H). 7.14-7.17 
(m, 4 H), 5.20 (s. 4 H), 5.02 (t, /= 5.0 Hz, 2 H), 4.51 (s, 2 H). 4.10 (t, 7= 5.0 Hz, 2 H), 
MS (CI) for CssHisNsOs m/z 613 (MH*), 569, 461, 345 
Parte 

10 The material from Part B, palladium'fay<^traxi<ie (0.25 g of 20% on carbon) and 

methanol (25 mL) were combined and hydrogenated at 47 pd (3.3 Kg/cm^) for 3 hours at 
ambient temperature. The reaction mixture was allowed to stand over the weekend at 
which time analysis indicated the presence of some product with protected ftmifift groups. 
The reaction mixture was filtered to remove &e catalyst and tibe filtrate was treated with 

15 sodium methoxide (1 mL of 25% m methanol) for about 16 hours to remove the protecting 
groups. The reaction mixture was concentrated under reduced pressure. The residue was 
purified by colunm chromatography eluting with 1/1/1 ethyl acetate/methanol/hexane to 
provide 0235 g of a solid This material was stirred with hot tohiene and dien filtered to 
remove insoluble materials. The filtrate was concentrated under reduced pressure. The 

20 residue was triturated with isopropanol and ediyl acetate to provide 61 mg of l-[2-(3- 
pyrimidiri-2-ylpropoxy)ethyl]-lJ7-imidazo[4,5-c]quinolin-4-amine as a solid, m.p. 126- 
12T'C. 

Analysis. Calculated for C,j>H2oN60: %C, 65.5; %H, 5.79; %N, 24.12. Found: %C, 
65.65; %H, 5.78; %N, 24.15 
25 'H NMR (300 MHz, DMS(>d6) 8 8.66 (d, 4.7 Hz. 2 H), 8.14 (s, 1 H). 8.08 (d, J = 8.0 
Hz, 1 H), 7.62 (d, J= 8.2 Hz, 1 H), 7.45 (t. 7.0 Hz; 1 H), 7.24-7.31 (m, 2 H), 6.58 (s, 2 
10, 4.77 (t, 4.7 Hz, 2 H), 3.84 (t, J= 4.5 Hz, 2 H), 3.42 (t, J== 6.2 Hz, 2 H), 2.82 (t, J- 
7^Ife,2I^.1.89(m.2H) 

m (KBr) 3302, 3187, 2868. 1637, 1561, 1418, 1 139 cm' 
30 HRMS (EI) calcd for C19H20N6O Qt^ 348.1699, found 348.1700. 



49 



wo 02/46193 



PCT/USOl/46704 



Example 5 

l-[2-(3-P>aidin-4-ylpn)poxy)ethyl]-l^-imidazo[4,5-^^ 




\ 



PartA 

5 Using the general method of Example 4 Part B N;^-(bis benzyloxycaibonyl>-l-[2- 

(2-propynyloxy>thyl]-li/-imidazo[4,5-c3quinolin-4-amiBC (2.00 g, 3.74 mmol) was 

reacted with 4-bromopyridine (0.8 g, 4.12 mmol) to provide 1.47 gof a mixture of mono 

and dibenzyloxycaibonyl protected l-{2.[(3i?yrid^ 

imidazo[4»5-c]quinolin-4-amine. 
10 NMR (300 MHz, DMSCMiQ 5 8.46 (m, 3 H). 8.43 (s, 1 H), 8.12 (m. 1 H), 7.72-7.76 

(m. 2 H). 722-7.28 (m. 5 H). 7.14-7.17 (m, 6 H), 5.18 (s. 4 H). 5.00 (t. J- 5.0 Hz. 2 H). 

4.45- (s, 2 H), 4.12 (t, / = 4.0 Hz, 2 H) 

MS (CI) for C36H29N5O5 m/z 612 (MH*), 568, 344 

PartB 

15 Palladium hydroxide (0.57 g of 20% on caibon) was added to a sohition of the 

material fiom Part A in metonol (--10 mL). TTie mixture was hydrogenatcd at 50 psi (3.5 
K:g/cm^)for5hours. More catalyst (0.07 g) was added and the hydrogenation was 
contmued for another hour. The reaction mixture was filtered to remove catalyst and die 
filter cake was thoroughly washed with methanoL The filtrate was concentrated under 

20 reduced pressure. Theresidue was purified by column chromatography clutmg with 6/3/1 
ethyl acetate/metfaanol/hcxane and then triturated with diethyl ether to provide a soHd. 
This material was fiirther purified by column chromatography eluting with 9/1 
dichloromcthane/methanol with ammonium hydroxide to provide 020 g of l-[2-<3- 
pyridin-4-ylpropoxy)ethyl]-lH-imidazo[4^-c]quinolin-4-amin as a solid, m.p. 160- 

25 162*C. 
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Analysis. Calculated for C2oH2,N50: %C. 69.14; %H. 6.09; %ti, 20.16. Found: %C. 
69.17; %H, 6.09; %N, 19.79 

'HNMR(300MHz,DMS(M6)88.29(dd./=2.6.1.8H2.2H),8.18(s. 1 H).8.11 (d./ 
= 8.2 Hz. 1 H). 7.62 (dd. 7.1. 1.4 Hz. 1 H). 7.45 (dt. /= 63. 1.7 1 H). 7.23 (dt, j= 

6.7.1.3 HZ.1H). 6.91 (dd.y=4.4. 1.3 H2.2H).6.62(s.2H). 4.81 (t.y=5.0H2.2H). 
3.82 (t. J= 5.0 Hz, 2 H). 2.38 (t, 7= 7.6 Hz. 2 H). 3.28 (t. 6.1 Hz, 2 H). 1.64 (m, 2 li) 
IR(KBr) 3418, 3100, 1698, 1595. 1531. 1094. 767 cm' 
HRMS (EJ) calcd for CioHiiNjO (M*) 347.1746, found 347.1747 

Example 6 

H2^3-Pyridin-2.ylim)poxy)e%l]4/r-inridazoI4,5-c](iu^ 




Part A 

Under a nitrogen atmo^hcre N,N-(bisbenzyloxycaibonyl)-l-[2-(2- 
proiOTyI<»ty)ethylH/f.iinidazo[44<]qninoIi^^ (2.5 g. 4.68 mmol), anhydrous 
acetonitrfle (20 mL), trietfaylamine (1.7 mL, 12.2 mmol), and 2-broniopyridine (0.5 mL, 
5.14 mmol) were combined and flie resulting homogeneous mixture was heated to 40^. 
Copper (I) iodide (0.036 g) and dichIorobis(triphenylphoq>hine)palladiumaO (0066 g) 
were added. After 1 8.5 hours the reaction mixture was partitioned between efliyl acetate 
and aqueous sodium bicarbonate. Tbe organic fraction was washed with brine, dried over 
magneshon sul&te and &en concoitrated under reduced pressure. The residue was 
purified by column chromatography eluting wift 1/9 hexane/cfliyl acetate to provide 0.9 g 
of a mixtmn of mono and di henzjioxycaiboiQrl protected l-{2.l(3-pyridin.2-ylprop-2- 
ynyl)ojor]e%l}4Jy-imid«zo[4,5<]quinoliB-4-^mme. 
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'H NMR (300 MHz, DMS0-d6) 5 8.50-8.54 (m, 2 H), 8.44 (s, IH), 8,12 (m, 1 H), 7.71- 
7.77 (m, 3 H), 7.34-7.39 (m, 1 H), 7.23-7.29 (m, 7 H), 7.14-7.17 (m, 4 H), 5.19 (s, 4 H), 
5.01 (t, J= 4.6 Hz, 2 H), 4.46 (s, 2 H), 4,10 (t, 4.8 Hz, 2 H) 
MS (CI) for C36H29N5O5 m/z 612 (MH*), 568, 460 
5 PaitB 

Palladium hydroxide (0.776 g of 20% on carbon) was added to a solution of tiie 
material from Part A in methanol. The mixture was hydrogenated at 45 psi (3.2 Kg/cm^) 
for 2 J hours. The reaction mixture was filtered to remove catalyst and the filter cake was 
thoroughly washed wi& metiianol. The filtrate was concentrated under reduced pressure 

10 to provide a glassy solid Thismaterial was tziturated with diethyl eth^ and hexane 

containing a small amount of toluene. The resulting powder was isolated by filtration and 
dried at 78X overnight m a vacuum oven. This material was fiirther purified by column 
chromatography eluting with 9/1 dichloromelhane/methanol with a few drops of 
ammonium hydroxide to provide 25 mg of l-[2-{3-pyridin-2-ylpropoxy)ethyl].l/f- 

15 imidazo[4,5-c]qumolin-4-amine as a solid, ntp. 138-140"C. 

Analysis. Calculated for C2oH2iN50*(HaO)u5: %C, 68.43; %H, 6.15; %N, 19.95. Found: 
%C, 68.47; %H, 5.95; %N, 19.63 

^H NMR (300 MHz, DMSad6) 5 8.41 (d, J= 4.4 Hz. 1 H). 8. 16 (s, 1 H), 8.10 (d, J= 7.7 
Hz. 1 H),7.63 (d,y=8.4Hz, 1 H). 7.54 (dt, 7 =9.7. 1.7Hz, 1 H), 7.43 (1.7=7.3 Hz. 1 
20 H), 724 (t. J= 7.5 Hz, 1 H), 7.13 (t, 7= 5.5 Hz. 1 H). 6.93 (d, 7= 7.6 Hz. 1 H). 6.59 (s, 2 
H), 4.77 (t, 5.1 Hz. 2 H). 3.82 (t. /= 5.5 Hz, 2 H), 3.34 (t, 7= 6.3 Hz, 2 H). 2.57 (t, 7= 
7.3 Hz, 2 H), 1.75 (m. 2 H) 

IR (KBr) 3361, 3302, 31 88, 1638, 1526, 1 1 19, 751 cm*' 

HRMS (EI) calcd for C20H21N5O (M*) 347.1746. found 347.1747. 
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Example? 



{2-[3-(l,3-TWa2ol-2-yl)propoxy]e%l}.lfl:.imidazo[4,5-c]quiTOlm 



Under a nitrogen atmospbeie NJ^-CBisbenzyloxycaibonyl^HZ-^a- 
propynyl(ay)etliyl]-lfl:iimdazoI4.5-c]qmnolii^ (3.25 g. 6.08 mmol), anhydrous 
N^-dime%lfonnamide (15 mL), toieAylamine (2.2 mL, ISM nmd) and 2- 
bromothiazole (0.6 mL, 6.69 mmol) were combined and heated to SOK. a^er (0 iodide 
(0.046 g) and dichlorobis(triphenylphosphine)palladium (D) (0.085 ^ were added. After 
2 hours ttie reaction was stopped and the solvent was removed. The crude product waa 
purified by column chromatography elnting with 8/2 ethyl acetate/hexane to provide -2 g 
of a mixture of mono and di haizylaxycaiboayl protected l-(2-{[3-(1.3-thiazol-2-yl)prop- 
2-ynyI]raqf}ethyO-l#.imidazo[4,5-c]quinolnM-ainine. 

'H NMR (300 MHz. DMSO-d6) 8 8.47-8.50 (m, 1 H), 8.44 (s, 1 H). 8,1 1 (m. 1 H). 7.89 
(d, J= 3.2 Hz, 1 H). 7.85 (d, 7= 3.3 Hz. 1 H), 7.31-7.77 (m. 2 H). 7.23-7.28 (m. 6 H). 
7.14-7.17 (m. 4 H), 5.20 (s. 4 H), 5.00 (t,y- 5.0 Hz, 2 H). 4.52 (s, 2 H). 4.09 (t./= 5.5 
HZ.2H) 

MS (O) for Cj4BbNjOiS rn/z 61 8 (MH*). 475. 466 
PartB 

Palladiam hydroxide (~2 g of 20% on carbon) was added to a sohitioa of fte 
material fiom Part A in meOanoL Hk mixture was hydrogsnated at 45 psi (3.2 ICg/bm^ 
finrShours. More catalyst (0.3 g) was added twice and flic hydrogenation was continued 
for a total of -25 hours. The reaction mixture was filtered to remove die catalyst The 
filtrate was concentrated under reduced pressure to provide 1.3 g of mono 
bcmyloxycaibonyl protected l-{2-[3-(U-thiazol-2.yl)propoxy]etfajd}-Lff.imidazo(4,5- 




PartA 
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c]quiiiolin-4-amme. This material was combined with methanol (5 mL) and sodium 



methoxide (25 mL of 25% in methanol). The resulting mixture was stirred for 3 days. 
The reaction mixture was concentrated under reduced pressure and then purified by 
column chromatography. The resulting material was triturated witii diethyl ether and dried 
5 to provide 028 g of l-{2-[3-(l,3-thiazol-2-yl)propoxylethyl}-lif-inuda2o(4,5-c]quino 
4-amine as a solid, m.p. 134-135°C. 

Analysis. Calculated for CigH^NsOS: %C, 61.17; %H, 5.42; %N. 19.81. Found: %C, 
61.20; %H, 5.23; N, %19.51 

*H NMR (300 MHz. DMS0-d6) 5 8.16 (s, 1 H), 8.10 (d, 7= 8.4 Hz, 1 H), 7^63 (m. 2 H), 
10 7.51 (d. J= 33 Hz. 1 H), 7.43 (t, 7.1 Hz, 1 H). 7.23 (t. 7- 8.0 Hz. 1 H), 6.58 (s, 2 H), 
4.79 (t, /= 4.7 Hz. 2 H), 3.84 (t. 7= 4.8 Hz. 2 H), 3.4 (t. 7« 6.0 Hz. 2 H). 2.86 (t, 7= 7.8 
Hz,2H),1.83(m,2H) 

IR (KBr) 3458. 3358, 3295. 3191, 1640. 1538, 1121, 752 cm'* 
HRMS (EI) calcd for CigHwNsOS (M*) 353.1310, found 353.1308. 



20 PartA 

Under a nitrogen atmosphere N.N-(bis teft-butyoxycabonyl)-l-(2-(2- 
piopynyl0xy)ethyl]-l/r-iniida2o[4,5-c]quinolin-4-amine (1 .75 g, 3.75 mmoO, 3- 
iodopyridine (0.85 g, 4.13 mmol), trietiiylamine (1.4 mL) and acetonitrile (15 mL) were 
combined and then heated to 60"C. Copper (I) iodide (0.03 g, 0.15 mmol) and 
25 dichlorobis(triphenylphosphine)palIadium (II) (0.05 g, 0.075 mmol) were added. The 



15 



Example 8 

l-[2.(3-Pyridin-3-ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4-amine 
Bis(trifluon>acetate) 
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reaction was complete after 30 minutes. Tie solvents were removed under reduced 
pressure. Hie crude product was purified by column chromatography (silica gel eluting 
first with dichloromethane and then with 98/2 dichloromethaae/methanol) to provide 1 26 
g of a mixture of di-BOC protected and unprotected l-{2-{(3-pyridin.3-ylptop-2. 
ynyl)oxy]ethyl}-l^r-imida2o[4,5-c]quii»lin-4-amine. 

'H NMR (300 MHz. DMS(M6) 5 8.54 (bs. 1 H). 8.44^.48 (m, 2 H). 8.4 (s. 1 H). 8.06 
(m. 1 H). 7.69-7.73 (m. 2 H). 7.54 (d, J= 7.6 Hz. 1 H). 7.35 (m. 1 H). 4.99 (t,y=4.8 Hz. 
2 H), 4.40 (s, 2 H). 4.09 (1,7= 5.0 Hz. 2 H), 1.31 (s, 18 H), 
MS (CIO for CsoHjjNiOj m/z 544 (MH^, 444, 344 
PaitB 

A sotation of (he material fiom Part A in methanol was combined with catalyst 
(0.7 g of 10% palladimn on carbon) and tf» mixture was faydrogenated at 45 psi (3.2 
Kg/cm^) for 2 hours. The catalyst was removed by filtration and die filtrate was 
concentrated under reduced pressure to provide 0.67 g of a micture of di-BOC protected 
and unprotected l-[2-{3-pyridin-3-ylpropbxy)ethyl]-l//-imidazo[4,5^]quinoliiH»-amin^^ 
'H NMR (300 MHz, DMS0-d6) 8 8.50 (d, 7= 7J Hz. 1 H), 8.39-8.486 (m. 2 H). 8.29 (s, 

lH).8.07(d.y=8.4Hz.lH).7.71-7.75(m.2H).7.46(d.J»8.5Hz,l H),7.3i(m.l ' 
H). 4.94 (t, y- 4.6 Hz. 2 H). 3.88 (t. J= 5.0 Hz, 2 H). 3.32 (t, 7= 5.9 Hz, 2 H), 2.38 (t.y= 
7.5 Hz. 2 H), 1.63 (m. 2 H). 1 JO (s. 18 H), 

MS (CI) for C30H37NSOS m/z 548 (MH*). 448. 348 
Parte 

Under a nitrogen atmosphere the material fiom Part B was combined wia 

anhydrous dichloromethane (5 mL) and trifluoroacetic acid (5 mL). The reaction mixture 

was stirred at ambient temperature for 1 hr. The solvents were removed under reduced 

pressure. The residue was triturated with diethyl ether, isolated by filtration and then dried 

in a vacuum oven to provide a tan solid. This material was recrystaDizedfiist fiom 

isoprop)4 alcohol and ften fiom dicUoiomedianc^edianol to provide 0.40 g of H2-(3- 

pyridin-3-y^)njpoxy)edQi].lfi:imidazo[44-c]quinolin-4-amine bis(trifiu<»oacetateX m.p. 
134-136^. 

Analysis. Calculated for C2oHi,NjO.(C2HF,Oi)i.afeO),a: %C. 50.08; %H. 4.23; %N, 
12.03. Found: %C, 49.87; %H, 3.82; %N. 12.16 
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'H NMR (300 MHz, DMSO-d6) 5 9.00-9.25 (bs, 2 H), 8.50 (a, 2 H). 8.37 (d, J = 7.7 Hz. 1 
H). 7.82 (d, J- 7.4 Hz. 1 H). 7.73-7.75 (m. 2 H), 7.55-7.58 (m, 2 H), 4.90 (t, 7= 4.9 Hz, 2 
H), 3.86 (t. /= 4.8 Hz. 2 H), 3.35 (t. J= 6.1 Hz. 2 H). 2.49 (t. J= 7.0 Hz, 2 H). 1.67 (m. 2 
H) 

5 IR (KBr) 3421, 3212, 2885, 1699, 1 199, 1 120, 720 cm*' 

HRMS (EI) calcd for C20H21N5O (IVO 347.1746, found 347.1743. 

Example 9 

l-[2-(3-Pyriinidm-5-yipropoxy)c%Il-lff-iniidazo[4,5-c]qu^ 




Part A 

Using tbt general method of Example 8 Part A, except that the reaction 
temperature was raised to SO'C, N,N-(bis rcrf-butyoxycabonyl)-l-[2-(2- 
propynyloxy)ethyl]-li/-imidazo[4,5K:]qviinolin-4-amine (2.5 g. 5.36 mmol) was coupled 
15 wife 5-bromopyrimidinc (0.94 g, 5.89mmol) to provide 1 .59 g of N,N-(bis tert- 
butoxycaibonyl)-l-{2-{(3.pyrimidin-5-ylpr6p-2-ynyI)oxy]ethyl}-m-^ 
c]quinolin-4-amine , 

'H NMR (300 MHz, DMSO-d6) 6 9.19 (s, 1 H). 8.64 (s, 2 H), 8.44-8.47 (m. 1 H), 8.40 (s. 
1 H), 8.02-8.06 (m, 1 H), 7.68-7.72 (m, 2 H). 4.99 (t, J" 5.0 Hz, 2 H), 4.43 (s. 2 H). 4.10 
20 (t,y=5.2Hz.2I^,U2(8,18H) 

MS ((3) for C29H«N«Os m/z 545 (MH^. 445, 345 
PaitB 

A meflianol solution of &e material &om Part A was combined with catalyst ( 5% 
platinum on caibon. palladium hydroxide and 10% palladium on caibon wei^ used in 
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succession) and hydrogcnated to provide 0.60 g of N^-(bis rert.butoxycaibonyl)-l-[2<3- 

pyrimidin-5.ylpropoxy)e%l]-l^f-iimda2o[44-^]quinolin-4-am^ 

'H NMR (300 MHz, DMS0^6) 6 8.98 (s. 1 H), 8.48^ J2 (m. 1 H). 8.45 (s. 2 H). 8.40 (s. 

1 H). 8.06-8.09 (m, 1 H), 7.70-7.74 (m, 2 H), 4.94 (t, 7= 5.1 Hz. 2 H). 3.89 ft /= 5.0 Hz.' 

2 H). 3.34 (m, 2 H). 2.34 ft J= 7.3 Hz, 2 H), 1.64 (m, 2 H). 1.29 (s, 18 H) 

MS (d) for CjyHjeNeOs m/z 549 (MH*). 449, 349 

Parte 

Using the general method of Example 8 Part C, the material ftom Part B was 
hydrolyzed to provide 0.14 g of l-I2-{3-pyriniidin-5-ylpropoxy)ethyl]-lff.imidazo[4,5- 
c]qmnolin-4-aniinB, m.p. 159-161«C. 

Analysis. Calculated for C„H2oN«0.(C2HF302),rto.(H20)w: %C. 63.27; %H, 5.70; %N. 
23.06. Found: y«C, 63.47; %a, 5.35; %N, 22.88 

'H NMR (300 MHz, DMS0-d6) 6 8.98 (s, 1 H). 8.48 (s, 2 H), 8.19 (s, 1 H), 8.15 (d, /o 

8.0 Hz. 1 H), 7.63 (d, 7= 8.6 Hz. 1 H). 7.46 ft 7= 6.0 Hz^ I H). 728 ft J= 8.4 Hz, 1 H), 

6.79 (s, 2 H). 4.81 ft J= 4.8 Hz. 2 H), 3.84 ft J= 5.1 Hz, 2 H). 3.35 ft 7= 6.0 Hz. 2 H).' 

2.43 (t, y = 7.4 Hz. 2 H). 1 .69 (m. 2 H) 

IR(KBr) 3310, 3132, 1647. 1582. 1531. 1403. 11 17 cm"' 

HRMS (EO calcd forC|sJH2oN60 (M*) 348.1699, found 348.1695 
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Example 10 

l-{2-I(l-Beiizyl4H-lA3-triazol-4-yl)methoxyleAyl}-lH-m^ 

amine liydiochloride 
l.(2-[(l-Benzyl-l/^l,23-triazol-5-yI)mc1iloxy]e±yl)-lJ^-^ 
5 amine faydrochloride 





PaitA 

N^-(Bbbenzyloxycaibonyl>l'[2-(2-propynyloxy)ethyl]-l/^imjda2o[4^ 
10 c]quinoUn-4-aminc (1.5 g, 2.81 mmol), anhydrous toluene (30 mL) and benzyl azidc (1.3 
mL, 9.12 nunol) were combined and heated in an oil bath at 100^ for 28 hours. The 
reaction mixture was concentrated under reduced pressure to provide crude product as a 
brown oil. 
PartB 

15 Sodium mctiioxide (2.19 mL of 25% in methanol 9.52 mmol) was added to a 

mixture of the material fiom Part A and methanol (20 mL). The reaction mixture was 
allowed to stir at ambient temperature overnight and then it was concentrated under 
reduced pressure to provide a dark oil. The oil was purified by column chromatography 
elutmg with 5% methanol m dichloromethane to provide a li^t yellow ofl. The oil was 

20 treated witfi 1.0 M hydrogen chloride to provide a pink soHd. This solid was recrystallized 
twice fiom acctonitrile and the resulting product was dried m a vacuum oven at 80°C for 2 
hours to provide 0.12 g of a mixture of the regio isomers of tiie desired product i.e. a 
mixture containing both l-{2.[(l.benzyl.lH^U,3-triazol-4-yl)meAoxy]ethyl}-lH- 
imida2o[4,5-clquinoline-4-amine hydrochloride and 1«.{2.[(1 -benzyl- l/f-U.3-triazol-5- 
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yl)methoxy]e%l}-l/r.inudazo[4,5-c]quinolinc-4^ hydrochloride, as a light pink 
ciystalliue solid, uLp. 209-21 1'C. 

Analysis: Calculated for C22H21N7O • 0.951 HCl • 0.615 H2O: %C, 59.35; %H, 5^5; %N, 
22.02; Found: %C. 59.46; %H, 5.16; %N, 22.05. 

^H-NMR (300 MHz, DMS0-d6) 6 9,00 (br s, 2 H), 8.46 (s, 1 H), 8.28 (d, J=7.8 Hz, 1 H), 

7.98 (s. 1 H), 7.83 (br d, J«7.8 Hz. 1 H), 7.71 (br t, J=7.8 Hz, 1 H), 7.50 (br t. J=7.7 Hz, 1 

H) 7.20-7.40 (m, 5 H), 5.52 (s, 1.88 H), 5.39 (s. 0.12 H). 4.88 (t, J-4.9 Hz, 2 H), 4.52 (s, 2 

H). 3.95 (t, J-4.9 Hz, 1.88 H), 3.87 (t, J-5.1 Hz, 0.12 H) 

IR(KBr)3152, 2638, 1672, 1605, 1126 cm'* 

HRMS OSI) calcd forC22H2iN70 399.1808, fomid 399.1802. 

Example 11 

l-P-({l-[(Phenylsul£anyl)me%l]4/^l,2;3-triazol-4-yl}meflioxy^ 

c]quinoline-4-aininc , 
l-[2-({l-[(Pbenylsul£imyl)methyl>m.l^,3-triazol-5-y^^ 

cjquinoline-4-amine 




PartA 

Under a nitrogen atmosphere, anhydrous toluene (20 mL), N,N-(bis tert- 
butoxycarbonyO-l-[2-(2-propynyloxy)ethyl]-l/f-imidazo[4,5-c]quinolm (1.0 g, 

2.1 mmol) and azidomeOiyl phenylsulfide (0.61 mL, 4.3 mmol) were combined and heated 
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at reflux for 72 hours. The reaction mixture was allowed to cool to ambient temperature 
and &en it was concentrated under reduced pressure to provide, a brown oil. This material 
was purified by column cbromatogi^hy eluting with 80/20 ediyl acetate/hexane to 
provide 0.95 g of product as a clear oiL 
5 MS (CI) for CjiHstNtOsS m/z 632 (MH+), 532, 458. 432 
PartB 

A solution of the material from Part A in anhydrous dichloromcthane (15 mL) was 
added to a mixture of trifluoroacetic acid (7.4 mL) and anhydrous dichloromethane (6 mL) 
which had been chilled to 0°C. The reaction nuxture was kept m an ice bath for 2 hours 

10 and then allowed to warm to ambient temperature. After 6 hours file reaction mixtoze was 
washed widi 20% sodium hydroxide. The aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed vnAi water, dried over 
magnesium sulfate, filtered and then concentrated under reduced pressure to provide a 
green oiL The oil was purified by column chromatography elutmg with 5% methanol in 

15 dichloromethane to provide a green crystalline solid. This material was reciystallized 

from isopropanol to provide 0.12 g of a mixture of the regio isomers of the desired product 
Le. a mixture containing both l-[2-({l-[(phen)isulfianyl)methyl]-l//-l,2,3-triazol-4- 
yl}methoxy)ethyl]-l//-imidazo[4,5-c]q\iinoline-4-amine and l-[2-((l- 
((phenylsulfanyl)mediyl]-l/f-l,2,3-triazol-5-yl}methoxy)etfiyl]-l/f-imi 

20 c]quinoline-4-amine, as an off-white solid, nLp. 1 82-1 84X. 

Analysis: Calculated for CdHiiNtOS: %C. 61.24; %H, 4.91; %N. 22.72; Found: %C, 
60.94; %H, 4.94; %N, 22.38. 

*H-NMR (300 MHz, DMSO-^6) 5 8.00-8.20 (m, 2 H), 7.87 (s, 0.8 H), 7.60-7.65 (m, 1 H), 
7.52 (s, 0.2 H). 7.40-7.50 (m, 1 H). 7.20-7.40 (m, 6 H), 6.65 (s, 2 H). 5.87 (s, 1.6 H), 5.65 
25 (s, 0.4 H), 4.83 (br t, J-4.6.Hz, 0.4 H). 4.78 (br t, J=4.9 Hz, 1.6 H), 4.49 (s, 1.6 H), 4.42 (s, 
0.4 H), 3.80-3.90 (m,2H) 
IR (KBr) 3322, 3205, 1643, 1527, 1095 cm* 
HRMS (EI) calcd for C22HZ1N7OS (M*) 431.1528, found 43 1.1522. 
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Example 12 

H2HB<aKo[b]ftian-2-ylmeth(wy)ethyl]-li/-iniida2o[4^^^ 



N 




// 



Part A 



Benzyltrimethylannnonhun chloride (0.436 g) and piopargyl bromide (6.07 wL of 
80%) wen added with stining to a mixture of dichloromethane (1 85 mL) and aqueous 
sodiumhydroxide(60inLof50%). 2-(l/i'-Imidazo[4.5-c]qmnolin-l-yl)e1hanol(10.0g. 
46.9 nmoO was added to the resulting sototioa The icactionmixta^ 
ambient tenqHOTture for21 houn. at which time analysis IqrHPLC sh^^ 
material remained. An additionSl equivalent ofpropargyl bromide was added and the 
reaction mixture was stirred for an additional 46 hours. Water was added Id the reaction 
mixture and the layers were separated. Hie aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water and with 
brine, dried over magnesium sulfite and then concentrated under reduced pressure to 
provide a dark brown soUd. This material was purified by flash chromatography (silica 
gel ehling wifli 5% me&anol in dichloromethane) to provide 7.0 g of l-[2- 

propynyloxy)ethyl]-lH:hmdazo[4,5-c]quinoline as a brownish soKd. 
PartB 

Under a nitrogen atmosphere, l-[2-{propyn)do]qr)cflQrll-l/f.inridazo[44. 
cjquinoline (1.0 g, 4.21 mmol). tricthylamine (1.53 mL, 10.96 mmol) and anhydrous 
acetonitrile (20 mL) were combined and then heated to 60°C. 2-Iodophenol (1.02 g, 4.63 
nunol), copper (I) iodide (0.08 g) and dichlorobis(triphenylphosphine)palladhmi(II) (0.148 
g) were added. Aiter 4 hours analysis by TLC (5% methanol in dichloromethane) 
indicated that the reaction was complete. The reaction mixture was filtered through a 
layer of Celitc® filter aid to remove the catalysts. The filtrate was concentrated under 
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reduced pressure to provide an oil. This material was purified by flash chromatography 
(silica gel eluting with 3% methanol in dichloromethane) to provide 0.91 g of l-[2- 
(benzo[b]furan-2-yhnetihoxy)cthyl]-li/-imidazo[4,5-c]qum^^ as a ycflow oil. 
Parte 

5 B-Chloroperoxybenzoic acid (0.65 g) was added in portions over a period of 5 

minutes to a solution of the material from Part B in chloroform (1 5 mL). The progress of 
the reaction was monitored by TLC, More 3-chloropcroxybenzoic acid (2 X 0.2 g) was 
added After 1 .5 hr the reaction mixture was washed twee witii aqueous sodium 
bicarbonate, back extracted with chlorofonn, washed with brine and then concentrated 

10 under reduced pressure to provide l.[2-<bcn2otblfuran-2-yhneAoxy)ethyO-lff- 

imida2o[4,5-c]quinoline-5N-oxide. The material was stored under nitrogen at a reduced 

temperature over Ihe weekend. 

PaitD 

Under a nitrogen atmosphere, trichloroacetyl isocyanate (0.60 g, 3,18 mmol) was 
1 5 slowly added via a syringe to a solution of the N-oxide fr^om Part C in dichloromethane 
(15 mL). The volatiles were removed under reduced pressure to provide 2^,2-trichloro- 
{l-[2-(benzo[b]friran-2-yhnethoxy)e%l>li/-nnidazo[4,5-c]q^^ as a 

tan solid. This material was dissolved in meAanol (15 mL). Sodium meAoxide (2.04 mL, 
9.01 mmol) was added and the resuMng solution was allowed to stk for 48 hours. A white 
20 precipitate was isolated by filtration and then recrystallized from acetonitrile to provide 

022 g of l-[2-(benzo[b]furan-2.yhnethoxy)cthyl].l/f-imida2o[4,5-c^ as 
ofif-whitc needles. m.p. 201-203'*C. 

Analysis: Calculated for C21H18N4O2: %C. 70.38; %H, 5.06; %N. 15.63; Found: %C, 
70.36; %H, 4.80; %N 15.51. 
25 *H-NMR (300 MHz, DMS0-d6) 6 8.16 (s, IH). 8.06 (d, /= 7.8 Hz. IH). 7.49-7.62 (m, 
3H). 7.42 (m, IH), 7.16-7.31 (m. 3H). 6.76 (s, IH), 6.58 (br s, 2H). 4.83 (t. J- 5.4 Hz, 
2H). 4.61 (s, 2H), 3.97 (t. J= 5.1 Hz, 2H) 
IR(KBr) 3455. 3069, 1583, 1530, 1397, 1254, 1088 
HRMS m calcd for CnHi^iOi (M*) 358.1430. found 358.1428. 
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Example 13 

l-[2-(Pyridin.3.ylmethoxy)ethyq-l/f.imidaz^^ Hydrochloride 




PartA 

Under a nitrogen atmosphere, sodium hydride (16.88 g of 60% in mineral oil, 422 
mmol) was added in portions to a solution of 2Kl^-imidazo[4,5-c]quinolin-l-yl)etfaanol 
(60.0 g, 281 mmol) in anhydrous NJ^Hiimetfaylfomuimid^ The alkoxide was 

allowed to stir forabout 1.5 hours. Benzyl bromide (502 mL, 422 mmol) was slowly 
addedoveraperiodofabout30minutes. The reaction mixture was allowed to stir at 
ambient temperature overnight Solvent was removed under reduced pressure. The 
residue was taken up in ediyl acetate, washed several times with water, washed with brine, 
dried over magnesium sulfate and then concentrated under reduced pressure to provide 1- 
[2-(benzyloxy)cthyl]-l^.imidazo[4,5-c]quinolinc as a dark ofl. 
'H-NMR (300 MHz, DMSad6) 5 9.22 (s. IH), 8.42 (s, IH), 8.40 (s. IH). 8.17 (m, IH). 
7.69 (m, 2H). 7.10-7.22 (m. 5H). 4.95 (t. J= 5.1 Hz. 2H). 4.45 (s, 2H). 3.93 (t. J= 5.1 Hz. 
2H) 

MS (CI) for Ci9H,7N30 m/z 304 (MH*). 214 
PartB 

3-ChIoroperoxybenzoic acid (69.36 g of 77% maximum) was added in portions 
over a period of 1 5 minutes to a solution of l-[2-(benzyIoxy)e%l]- W-imidazD[4,5. 
clquinohne (85.36 g. 281 mmol) m chloroform (800 mL). After 1 hour analysis by TLC 
(10% me&anol in dichloromethanc) showed Aat the reaction was complete. The reaction 
mixture was washed with saturated sodium bicarbonate (twice), washed wiA brine, dried 
over magnesium sol&te and then concentrated under reduced pressure to provide a soUd. 
The solid was slurried with diethyl ether and flien isolated by filtration to provide 1-12. 
(benzyloxy)ethyl]-l/f-imidazo[4,5<]quinoline-5N-oxide as a dark yellow soKd. 
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Parte 

Phosphorous oxychloride (12.84 ioL, 138 mmol) was slowly added to a mixture of 
l-[2-<ben2yloxy)ethyll-lH-iinidazo[4^-c]quinoline-5N-oxide (40.0 g, 125 nunol) and 
anhydrous toluene (600 xnL). The reaction mixture was allowed to stir for about 30 

5 minutes and flien tiie volatiles were removed under reduced pressure. The resulting red oil 
was dissolved in dichloromethane, washed twice with saturated sodium bicarbonate, and 
then concentrated under reduced pressure. An attempt to recrystallize the residue from 
ethyl acetate resulted in a gum. The material was taken up in ethyl acetate (500 mL) and 
. then combined with triethylamine (25.34 g, 250 mmol). The solution was chilled in an ice 

10 batii and the precipitate was isolated by filtratioiL The material changed back into an oil 
shortiy after filtratiorL The oil was taken up in dichloromeflianc, combined with the 
filtrate and then concentrated under reduced pressure to provide an oil. This material was 
partitioned between dichloromethane and 15% sodium l^droxide. The organic fraction 
was washed witii brine, dried over magnesium sulfate and then concentrated under 

15 reduced pressure to provide an oil. This oil was furtiier purified by flash chromatography 
(silica gel eluting first with dichloromethane, then with 2% methanol in dichloromethane 
and then with 5% methanol in dichloromethane) to provide --21 g of l-[2- 
(benzyloxy)ethyl]-4-chlon>-l//-imidazo[4,5-c]quinoline. 

^H-NMR (300 MHz. DMS0-d6) 8 8.47 (s, IH), 8.42 (dd,y= 8.3. 1.5 Hz, IH), 8.08 (dd, J 
20 = 8.3, 1.5 Hz, IH), 7.72 (m. 2H). 7.04-7.17 (m, 5H). 4.96 (t. J= 5.1 Hz, 2H), 4.44 (s. 2H), 
3.92 (t, J =5.1 Hz, 2H) 

MS (CI) for C19H16CIN3O m/z 338 (MH*), 309, 248, 214 
PartD 

Phenol (6.21 g, 66 mmol) was added in portions to a chilled suspension of sodium 
25 hydride (2.79 g of 60% in mineral oil, 69.7 mmol) in diglyme (25 mL). When bubbling 
had subsided, a solution of die material from Part C in diglyme (10 mL) was added in a 
single portion. The resulting solution was heated to 1 10^ and stirred overnight Analysis 
by TLC (3% methanol in dicWoromediaiie) indicated that the reaction was complete. The 
solution was cooled to 0*x: and a brown precipitate formed. The diglyme was decanted 
30 off. The solid was slurried with hcxane and then isolated by filtration. The solid was then 
slurried with water, isolated by filtration and dried in an oven overnight The solid was 
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recrystallizcd fom isopropanol to provide 19.3 g of l-[2-(benzyloxy)ethyl]-4-phenoxy- 
lif-iniidazo[4,5-c]quinoline as a solid. 

^H-NMR (300 MHz, DMS0-d6) 5 8.39 (s, IH), 8.32 (dd, /= 8.3, 1.5 Hz. 7.69 (dd. J 
= 8.3, 1.5 Hz, IH), 7.46-7.59 (m, 4H), 7.12^7.33 {m. 8H). 4.93 (t, 5.1 Hz. 2H), 4.47 (s, 
5 2H),3.94(t,y=5.1Hz.2H) 

MS (CI) for CisHiiNaOi m/z 396 (Mtf), 306, 288 
PartE 

Under a nitrogen atmosphere, triflic acid (29.0 g) was added dropwise to a solution 
of l-[2<benzyloxy)e&yl]-4-phenoxy-.lf^imidazo[4.5-c]quinoline (7.65 g) in anhydrous 

10 dichIoromethaDe(200mL). When analysis by TLC (5% methanol in dichloromcthanc) 
indicated (hat the reaction was conq>lete, tfie reaction mixture was concentrated' mute 
reduced pressm:e to provide an on. This material was dissolved in ethyl acetate and ttieo 
combined with tziethylamine (10 eq.). The solution was dihited with additional ethyl 
acetate, washed with water, washed with brine, dried over magnesium sulfite and Aen 

15 concentrated under reduced pressure. The residue was recrystallizcd fiom ethyl acetate to 
provide -4.8 g of 2-(4-phenoxy-l/f-imidazo[4,5-c]quinolin-l-yI)ethanol as a white fluffy 
solid. 

'H-NMR (300 MHz, DMS0^6) 8 834 (m, IH), 8.32 (m, IH), 7.70 (m, IH), 7.46-7.60 
(m, 4H), 7.25-731 (m, 3H), 5.06 (t, J= 5.4 Hz, IH), 4.76 (t, /= 5.4 Hz, 2H), 3.90 (q, 
20 5.4Hz,2H) 
PartF 

3-(Bromomethyl)pyridine hydrobromide (0.638 g, 2.52 mmol) was added in a 
single portion with stirring to a solution containing 2-(4-phenoxy-l/f-imidazo[4,5- 
c]quinolin-l-yl)ethanol (0.7 g, 2.29 mmol), benzyltrimethylammonium chloride (-0.03 g), 

25 sodium hydroxide (28 mL of 50%) and dichloromethane (28 mL). After 3 hours analysis 
by TLC (5% methanol in dichloromethane) indicated diat the reaction was complete. The 
reaction mixture was diluted with water (100 mL) and dichloromethane (100 mL). The 
layers were separated and the aqueous fraction was extracted witti dichloromethane (100 
mL). The organic fractions were ccnnbined, washed with biine, dried over magnesium 

30 sul&te and then concentrated under reduced pressure to provide a daric yellow solid. This 
material was purified by flash chromatography (silica gel eluting with 5% meftanol m 
dichloromethane) to provide 0.74 g of 
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4-phcnoxy-l-[2-(pyridm-3-ylmethoxy)ethyl]-lH-imidazo[4,5-o]q as a bright 

' yellow solid. 

"H-NMR (300 MHz, DMS0-d6) 8.42 (dd, 7= 4.9, 2.0 Hz, IH), 8.38 (s, 2H), 8.33 (dd. /= 
8.3, 1.5Hz, lH).7J0(dd.J=8.3, 2.0 Hz. IH), 7.46-7.59 (m,5H), 7.22-7.33 (m.4H), 
5 4.96 (t, /= 4.9 Hz, 2H). 4.52 (s, 2H). 3.98 (t. J- 4.9 Hz, 2H) 
MS (CI) for C24H20N4O2 xn/z 397 (MH*), 306. 288. 212, 110 
PartG 

4-Phenoxy-l-[2-(pyridin-3-ylmetlioxy)ethyl]-l/f-imidazo[4,5-c]quinolm^ (0.67 g, 
1 .69 mmol) and ammonhmi acetate (1 30 g, 1 6.9 mmol) were combined and heated to 

10 ISO'H:. After 5 hours analysis by TLC (10% methanol in dichlonnnetfaane) showed 

starting material. More ammonium acetate (5 g) was added. After 1 hour TLC indicated 

the reaction was complete. The reaction nuxture was allowed to cool to ambient 
temperature ovecnigjht The resulting brown oil was combined with water (100 mL) and 
made basic (pH 9) widi sodium bicarbonate. The product was extracted into 

1 5 dicbloromethane (2 X 100 mL). The extracts were combined, washed widi brine, dried 
over magnesium sulfete and then concentrated under reduced pressure to provide an off- 
white gummy solid. This material was puiiiBed by flash chromatography (silica gel 
elutmg with 10% methanol in dicbloromethane) to provide 0.40 g of a gummy white solid 
This material was dissolved in methanol (10 mL). Hydrogen chloride/diethyl edier (5 eq) 

20 was added dropwise and die mixture was aUowed to stir fori hour. Theresulting 

precipitate was isolated by filtration, rinsed with diethyl ether and dried in a vacuum oven 
to provide 0358 g of l-[2-(pyridin-3-yfanethoxy)ethyl]-l/^imida2o[4,5-c]quinolm-4- 
amine hydrochloride as a light yellow solid, m.p. 229-23 1*C. 
Analysis: Calculated for C18H17N5O • 2.75 HCl • 0.4 HiO: %C, 50.62; %H, 4.85; %N, 

25 16.40; Found: %C, 50.44; %H, 4.96; %N, 16.19. 

'H-NMR (300 MHz. DMSCM16) 6 8.78 (d, J = 5,4 Hz. IH), 8.71 (s, IH), 8.56 (s, IH), 
8 J4 (d, y = 8.3 Hz, IH), 8.26 (d, J= 7.8 Hz, IH), 7.90 (dd, J- 7.8, 5.9 Hz, IH), 7.84 (d, J 
= 8.3 Hz, IH). 7.72 (t. 7.8 Hz, IH), 7.54 (t, J= 7,8 Hz, IH). 4.98 (t. 7= 4.9 Hz, 2H), 
4.69 (s, 2H), 4.04 (t, 7 « 4.9 Hz. 2H) 

30 MS (CI) for CwHnNsO • HC1(iim)« HiOcws) in/z32l (MH^, 229. 
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Example 14 
l-[2-(Pyridm-2-ylmethoxy)e%l]-l/f-iiiiida^ 



II ■ 



5 PartA 

Using the general method of Example 13 Part F, 2-(4-phenoxy-l/f-miida2o[4,5- 
c]quinolin-l-yl)ethanol (0.9 g, 2.95 mmol) was reacted with 2-picolyl chloride hydrogen 
chloride (0.53 g, 3.24 mmol) and the product purified to provide 0.65 g of 4-phenoxy-l- 
[2-Q>yridin-2-y]me&oxy)ethy]]-l/r-imidazo[4,5-c]quiii 
10 'H-NMR (300 MHz, DMSOdQ 8.41 (m. 21^. 8.34 (dd, 7 « 8 J. 1.5 Hz. IH), 7.70 (dd, J 
= 8.3, 1.5 Hz, 2H), 7.46-7.66 (m. 5H), 7.18-7.33 (m, 4H). 7 JO (d, /= 7.8 Hz, IH), 4.98 (t, 
J=4.9 Hz. 2H). 4.55 (s, IS), 4.04 (t, /» 4.9 Hz, 2H) 
PartB 

The material from Part A and ammonium acetate were combined and heated to 
15 ISO^C. After 5 hours analysis by TLC (10% methanol in dichloromethane) mdicated that 
the reaction was complete. The leaction mixture was allowed to cool to ambient 
temperature, then it was combined with water (100 mL) and made basic (pH 9) with 
sodium bicaibonate. The resulting white precipitate was isolated by filtration and then 
slurried with diediyl ether. The resulting white solid was isolated by filtration and dien 
20 recrystallizcd fix)m acetonitrile to provide 0. 1 8 g of i-[2-{pyridin-2-ylme11ioxy)et]xyl]-l/f- 
imidazc[4,5-c]quinolin-4-amine as a white solid, m.p. 196-198"C. 
Analysis: Calculated for CisHnN,^. %C, 67.70; %H, 5,37; %N, 21,93; Found: %C, 
67.86; %H, 5.31; %N, 22.13. 

*H-NMR (300 MHz, DMSOd6) 5 8.43 (d. 7- 4.9 Hz, 2H), 8.20 (s, IH), 8.09 (d, 7 = 6.8 
25 Hz, IH), 7.63 (dt, 8.3, 1.5 Hz, 2H), 7.43 (dt, J= 83, 1.5 Hz, IH), 7,19-7.24 (m, 2H). 
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7.12 (d, J =7.8 Hz. IH). 6.53 (br s, 2H), 4.87 (t, J- 5.1 Hz, 2H), 4.54 (s, 2H), 3.99 (t. 7= 
5.1Hz,2H) 

MS (CI) for C18H17N5O m/z 320 (MH*), 229, 211. 

5 Example 15 

l-[2-(Pyridin-4-ylmeAoxy)cthyl]-l/f-imidazo[4,5-c]qiun^ 




Part A 

10 Using the general method of Example 13 Part F, 2-(4i)henoxy-lif-iinida2o[4,5-- 

c]qiimolm-l-yl)ethaiiol (1.1 & 3.61 mmol) was reacted with 4-picolyl chloride hydrogen 

chloride (0.649 g, 3.96 mmol) and the product purified to provide M).3 g of 4-pheiioxy-l- 

[2-^yridin-4-yhxietiK)xy)e&yl>l/f-imidazo[4,5-c]quinoline. 

*H-NMR (300 MHz, DMSOd6) 5 8.41 (s. IH), 8.39 (s, IH). 8.34 (dd, J= 7.8. 1.5 Hz, 
15 2H), 7.70 (dd, 7= 7.8, 1.5 Hz. IH), 7.46-7.60 (m, 4H), 725-7.33 (m, 3H). 7.10 (d,y= 5.9 

Hz, 2H), 5.00 (t, /= 4.9 Hz, 2H), 4.53 (s. 2H). 4.00 (t, 7= 4.9 Hz. 2H) 

MS (CI) for C24H20N4O2 m/z 397 (MH*), 306, 288. 212, 110 

PartB 

Using the general mcdiod of Example 14 Part B, 4-phenoxy-l-[2-^yridin-4- 
20 yhnethQxy)ethyl]-l/f-imidazo[4,5-c]quiDoline (0.25 ^ was aminated to provide 0.14 g of 
l-[2-<pyridin-4-yhnedioxy)eth^]-l/r-imidazo[4,5Hr]quinoli^ as a solid, m.p. 159- 

i6rc. 

Analysis: Calculated for CigHnNjO: %C, 67.70; %H. 5.37; %N. 21.93; Found; %C, 
6737; %H, 5.31; %N, 22.49. 
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^H-NMR (300 MHz, DMSO-d6) 6 8.40 (dd, J= 4.4, 1.5 Hz, 2H), 8.20 (s, IH), 8.09 (d, /= 
8.3 Hz, IH), 7.62 (d,/= 8.3 Hz, IH), 7.43 (m, IH), 7.21 (m, IH), 7.10 (d,/=5.4 Hz, IH), 
6.54(brs, 2H). 4.87 (t,/- 5.1 Hz, 2H). 4.51 (s. 2H). 3.94(^7=5.1 Hz, 2H) 
MS (CI) for CigHnNsO m/z 320 (MH*). 229, 136 



10 

PaitA 

Using the general method of Example 13 Part F, 2-(4-phenoxy-li/-unidazo[4,5- 
c]qumbIin-l-yI)efhanol (0.82 g, 2.69 mmol) was reacted with 4-^chloromethyl)-3,5- 
dimethylisoxazole (0.43 g, 2.95 mmol) and purified to provide 0,59 g of l-{2-[(3,5- 
1 5 dimethyHsoxazol-4-yl)methoxy]ethyl}-4-phenoxy-lif-imidazo[4,5-c]quino^^ as a white 
foamy solid. 

'H-NMR (300 MHz, DMS0-d6) 5 8.29-8.32 (m, 2H), 7.70 (dd, 7 = 7.8, 1.5 Hz, IH), 7.46- 
7.60 (m, 4H), 7.25-7.32 (m, 3H) 4.89 (t, 7=5.1 Hz. 2H), 4.24 (s, 2H), 3.89 (t. 7= 4.9Hz, 
21^, 2,16 (s, 3H), 1.93 (s. 3H) 
20 MS (CI) for C24Ha2N40j m/z 415 (MH*), 306, 212, 112 
PartB 

Using the general method of Example 14 Part B, the material from Part A was 
aminated to provide 0.39 g of l-{2-[(3,5-dimethyIisoxflzoM-yI)mcthoxy]ethyl}-l/f- 
imidazo(4,5-c]quinolin-4-amine as a white solid, m.p. 213-21 5**C. 
25 Analysis: Calculated for CiaHijNsOi: %C, 64.08; %H, 5.68; %N, 20.76; Found: %C. 
64.02; %H, 5.53; %N, 21.01. 



5 



Example 16 

l.{2-[(3,5-Dimethylisoxazol-4-yl)mcthoxy]ethyl}- 
li!f-iniidazo[4,5-c]quinolin-4-amine 
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^H-NMR (300 MHz. DMS0-d6) 5 8.12 (s, IH). 8.05 (dd, /= 8.3. 1.0 Hz, IH), 7.61 (dd, J 
- 8.3, 1.0 Hz, IH), 7.43 (m. IH), 7.21 (m, IH), 6.52 (br s. 2H). 4.79 (t, J= 5.1 Hz, 2H). 
4.23 (s, 2H), 3.85 (t, 7 = 5.1 Hz, 2H), 2.20 (s. 3H), 1.97 (s. 3H) 
MS (CI) for CbHwNsOz m/z 338 (MH*), 229, 112 

Example 17 

l-{2-{[3<Pynmidm-2-yl>2-propynyl]oxy}ethyl)- 
lf^iInidazo[4,5-c]qumoliIl-4-aInine trifluoioacetate 




10 Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-lH-imida2o[4,5- 

clquinolin^amine (1,0 g, 3.7 mmol), triethylamine (1.0 g, 9.7 mmol) and anhydrous 
N J^-dimethylformamidc po mL) were combined. The resulting solution was heated to 
65'C . Copper (0 iodide (0.07 g, 0.4 mmol), dichlorobis(triphenylphosphine)paIla^um(II) 
(0.13 g, 0.2 mmol) and 2-bromopyrimidine (0.65 g, 4.1 mmol) were added and the 

15 reaction mixture was stiired at 65*C overnight The N,N-dimethylformamide was 

removed under reduced pressure to provide crude product as a tar. This tar was purified 
first by column chromatography (sflica gel cluting with dichloromethane) and then by 
semi-preparative HPLC using Method A to provide 0.05 g of H2- {[3-(pyrimidin-2.yl)-2- 
propynylloxy}ethyl)-lH-imidazo[4,5^]quinolin-4-amine trifluoroacetatB as a spongy 

20 white solid. m.p.214-215«C. 

Analysis: Calculated for C,9H|6N60 • 1.5 CzHFjd • 03 HjO: %C, 50.67; %H. 3.51; %N, 
16.12; Found: %C, 50.67; %H. 3.11; VoN, 16.14. 

'H-NMR (300 MHz; DMSCM^) 5 (ppm) 9.169(s,lH), 8,646(s,2H), 8.497(s,lH), 
8328(dJ=8JHz,lH), 7.773(d,J=6.9Hz,lH), 7.703(U=6.7Hz.lH),7.558(U=7.2Hz,lH), 
25 . 4.942(U=4.8Hz,2H). 4.447(s,2H), 4.073(U-4.9Hz,2H). 
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5 





s 



O 




Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-l/f-iinida2o[4,5- 
c]quinolin-4-ainine (0.5 g, 1.9 mmol), trietibylamine (0.5 g, 4.9 nimol), copper (I) iodide 
10 (0.036 g, 0.2 mmol), 4-bromopyridine (0.51 g, 2.6 mmol) and acetonitrile (20 mL) were 
combined and stirred at ambient te mp c ia tme, 

Dich]orobis(triphenylphosphine)palladimn(II) (0.066 g» 0.1 mmol) was added. The 
reaction mixture was heated at reflux ovemig|ht The acetonitrile was removed under 
reduced pressure. The residue was taken up in dichloromethane and methanol and then 
15 put dirough a basic alumina column. The fractions were combined and concentrated under 
reduced pressure. The residue was triturated with acetonitrile. The resulting solid was 
isolated by filtration and then purified by semi-preparative HPLC using Method A to 
provide 0.1 g of H2-{[3-(pyrid-4-yl)-2-propynyl]oxy}ethyl)-lif-nmda2o[4,5-c]quino^^ 
4-amine bis(trifhioroacetate) as a gray fluf^ solid* m.p. 135"^^ (dec.). 



20 Analysis: Calculated for CirflnNsO • 2.0 C2HF3O2 • 0.5 H2O: %C, 49.66; %H, 3.47; %N, 
12.06; Found: yoC, 49 J9; %H. 3.51; %N, 12.22. 

*H-NMR (300 MH^ DMSO-dtf) 5 (ppm) 9.063(bs;2H). 8.55I(d,J=5.2H2;2H). 
8.498(s.lH), 8.335(dJ-7.7Hz,lH), 7.795(dJ«6.9Hz,lH), 7.727(tJ=8.3H2,lH), 
7.564(t^8.3Hz,lH), 7.139(4J=5.7Hz,2H), 4.942(tJ=4.8H2^, 4,427(s^, 
25 4.056(tJ=4.8Hz,2H). 
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Example 19 

l-(2-{[3-(FurO-yI)-2-propyiiyl]oxy}e%l)-lir-imidazo[4^-^]qum^ 



trifluoroacetate 




Under a nitrogen atmosphere, l-[2-{2-pTopynyloxy)ethyl]- W-imida2o[4,5- 
c]quiiiolin-4-anime (0.5 g, 1.9 mmol), triethylaminc (0.5 g, 4.9 mmol), copper (I) iodide 
(0.036 g, 0.2 mmol), 3-bromofiiian (0.38 g, 2.6 mmol) and anhydrous N,N- 
dimethylfonnamide (20 mL) Were combined and stirred at ambient temperature. 

10 Dichlorobis(triphenylphosphine)palladium(II) (0.066 g, 0.1 mmol) was added. The 

reaction mixture was heated at %(fC overnight The reaction mixture was allowed to cool 
to ambient temperature and tiicn it was diluted with dichloromethane. The resultmg fine 
brown precipitate was removed by filtration. The filtrate was concentrated under reduced 
pressure. The residue was dissolved into a minimum amount of NJ^-dimethylfoimamidc 

15 and put through a silica gel column. The appropriate fractions were combined and 

concentrated under reduced pressure. The residue was purified by semi-preparative HPLC 
using Method A to provide 0.1 g of l-(2-{[3-<fur-3-yl)-2-propynyl]oxy}ethyI)-l/f- 
imida2o[4,5-c]quinolin-4-amine trifluoroacetate as a fluffy ivory solid. m.p. 160-162"C. 
Analysis: Calculated for C19H16N4O1 • C2HF3Q2 • 0.25 H2O: %C. 55,94; %H. 3.91; %N, 

20 12.42; Found: %C, 55.57; m 3.43; %N, 12.45. 

^H-NMR (300 MHz; DMSO-de) 5 (ppm) 8.859(bs,2H), 8.473(s,lH). 8.32(dJ=8.3H2,lH). 
7.849(8,1H), 7.813(dJ=7.3Hz,lH), 7.714(tJ=8.5Hz,lH), 7.697(d,J=2Hz,lH), 
7.551(tJN6.8H2,lH), 6.409(dJ«1.9H2.1H), 4.919(tJ=5.5Hz,2H), 4337(s,2H), 
4.002(tJ«4.8Hz^. 
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Example 20 

4-{3-[2-(4-Amino-lif-mudazo[4,5-c]quinolm-l-yl)e&oxy]-p 
1iuophen-2-ylcarboxaIdehyde tiifluoroacefate 




O 



5 Using the general method of Example 20, l-[2-(2-piopynyloxy)ethyl]-lH- 

imidazo[4,5-c]qumolm-4-amine (0.5 g, 1.9 mmol) was reactied with 3-biomo-2- 
diicphenecaiboxaldefayde (0.5 g, 2.6 mmol) and the cnide' product purified by semi- 
preparative HPLC using Me&od A to provide 0.13 g of 4-{3-[2-(4-amino-lif- 
3midazo[4,5«c]quinofin-l-yOethoxy]-propyn-l-yl}-thiophen-2-ylcaii>o^ 

10 trifluoroacetatc as a flufify ivory solid, m.p. 195®C. 

Analysis: Calculated for C2oH,6N402S • C2HF3O2: %C, 53.88; %H. 3.49; %N, 11.42; 
Found: %C, 54.16; m 3.21; %N, 1 1.36. 

*H-NMR (300 MHz; DMSO-d<j) 5 (ppm) 9.874(s,lH). 8.972(bs^H), 8.483(s,lH), 
8v322(dJ=7.9Hz,lH), 8.076(s,lH), 7.771 (d^=8.3Hz;,lH), 7.736(s,lH), 
15 7.71(U=8.4Hz,lH), 7.555(U=6.9Hz.lH). 4.928(U=53Hz^. 4.371(s^H), 
4.043(tJ=4.8Hz^. 
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Example 21 

H2-{[3-(Pyrid-2-yl)-2-propynyl]oxy}cthyl)-ljy-M^ 

trifluoToacetate 




5 Using die general me&od of Example 19, 1-[2-(2-propynyloxy)etliyl]*l/f- 

imidazo[4,S-c]quinolm'4-amme (0.5 g, 1 .9 mmol) was reacted with 2-bromopyiidme 
(0.51 g, 2.6 mmol) and the crude product purified by semi-preparative HPLC using 
Method A to provide 0.1 g of l-(2-{[3-(pyrid-2-yl)-2-propynyl]oxy}ethyl)-l/r- 
imidazo[4,5-c]quinolin-4-amine trifluoroacctate as a gray fluffy solid, m.p. 129-13 1"C. 

10 Analysis: Calculated for C20H17N5O - 1 .75 C2HF3O2 • 0.25 H2O: %C. 5 1 .56; %H, 3.55; 
%N, 12.*80; Fomid: %C, 51.80; %H, 3.20; %N, 13.1 1. 

'H-NMR (300 MH^ DMS0-d6) 6 (ppm) 9.013(bs^, 8.516(s,lH), 8.495(8,11^, 
8.331(dJ=8.2Hz,lH), 7.75(m,3H), 7.553(tJ=82Hz,lH). 7.375(dd,J=7.8;4.9Hz,lH), 
7.23(d,J=7.8H2,lH). 4.944(tJ=5.4Hz,2H), 4.418(s,2H), 4.059(tjr=4.8Hz,2H). 

15 

Examples 22 -26 

The compounds in the table below were prepared according to the synthetic 
mediod of Reaction Scheme I above using the following general method. 

The 4-amino-lif-imidazo[4,5*<:]quinolin-l-yl alcohol ^5 mg) was placed in a 2 
20 dram (7.4 mL) vial. Sodium hydride (1 .2 eq of 60% in mineral oil) and NJ^- 

dimethylformamide (1 mL) were added. The vial was placed on a sonicator for about 15 
to 30 minutes at ambient temperature to aQow the alkoxide to form. The halide {12 eq) 
was added and the vial was placed back on the sonicator for about 1 5 to 120 minutes at 
ambient temperature. The reaction mixture was analyzed by LC/MS to confirm the 
25 formation of die desired product The reaction mixture was purified by semi-preparative 
HPLC. The semi-prep HPLC fiactions weie analyzed by LC-APCI/MS and die 
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appropriate fiaclions were combined and lyophilized to provide the trifluoioacetate salt of 
the desired product,which was confirmed by accurate mass and *H NMR spectroscopy. 
The tabic below shows the structure of the fiee base, die theoretical mass (IM), and the 
measured mass (MM) or nominal mass (NM). 



Example 
# 



Structure of the Free Base 



Purification 
Method 



Mass Measurement 
(Da,) 



22 




TM = 326.1743 
MM= 326.1739 



23 




TM« 392.1597 
MM = 392.1584 



24 




TM = 450.1281 
MM = 450.1285 



25 




TM = 422.0968 
MM = 422.0966 
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Example 
# 



Stmctuie of the Free Base 



Purification 



Mass Measurement 



Method 



(Da.) 



26 




A 



TM= 364 
NM[M+Hr'-365 



II 
O 



Example 27 

l-{2-Methyl44(pyrid-2-yloxy)methyl]propyl}-l/f-imida2o[4^-c]q 



Using the general method of Examples 22 - 26 above, 2-(4-amino-lH- 
imidazo[4,5-c]quinolin-l-yl)-3-mctiiylbutan-l -ol was reacted witfi 2- 
(trifluoromethylsulfonyloxy)pyridine and the cnide product purified via semi-preparative 
HPLC using Method A to provide l-{2-methyl-M(pyTid-2-yloxy)methyl]propyl}-lif- 
imidazo[4,5^]quinolinc-4-amine as the trifluoroacetate salt TM = 347.1746, MM = 
347.1740 



5 



trifiuoroacetate 
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Example 28 

^-{l-[(pyrid-2-yloxy)methyl]propyl}-lH-iimdazo(4,5^^^ 

tiifluoroacetate 




Using general metiiod of Examples .22 - 26 above 2-{4-ammo-l/f-iniida2o[4^. 
c]quinolin-l-yl).3-mcthylbutau-l-ol was reacted with 2- 

(trifluoromethylsulfonyIoxy)pyridinc and tibe crude product purified via semi-prepaiative 
HPLC using Mcfliod B to provide l-{l-[(pyrid-2-yloxy)meth}d]propyl}-ljy-imidazoK^^^ 
c]quinoline-4-amine as the tiifluoroacetate salt TM = 333.1590, MM = 333.1598 

Example 29 

l-[2-<9/rs:aibazol-3-ylo}Qr)propyl]-l/r.imjdazo[^^^ 
trifluoroacetate 




A 1 mL portion of a solution prepared by dissolving 0.5 g of l-(4-aniino-l/f- 
imidazo[4,5-c]quinolin-l-yl)propan-2-ol in NJ^ninnethylfornuanide (20 mL) was added 
to a 2 dram (7.4 mL) glass vial containing 2-hydroxycaibazole (38 mg, 2 eq.). 
Triphenylphosphine (54 mg, 2 eq.) dissolved in NJi-dimethylfoimamide (1 mL) was 
added to the vial. The resulting slurry was sonicated to dissolve the phenol. Diethyl 
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azidocarboxyiate (36 mg, 2 eq.) was added neat The reaction mixture was sonicated for 
about 30 minutBS and then shaken overnight at ambient temperature. The solvent was 
removed and the residue was purified by semi-preparative HPLC using Method A. The 
compound was provided as ttie trifluoroacetate salt TM = 407, NM[M + H]** = 408. 

5 

Example 30 

l-{2-[(3-&ien-2-ylpTop-2-ynyI)oxy]ethyl}-llf-imidazo[4,5-c]quinolm 




PartA 

10 Using &e general method of Example 1 Part B, 2-(lH-imidazo[4,5-c]quinolin-l- 

yl)ediyl (2-propynyI) ether was oxidized to provide 67.5 g of l-[2-(2-propynyloxy)e&yl]- 
lH-imidazo[4,5-c]quinol]ne-5N-oxide as a tan solid. 
MS (CI) for Ct5Hi4N302 m/z 268 (MH*), 252. 214. 
PartB 

15 A dried round bottom flask was charged with a stir bar, l-[2-(2- 

propynyloxy)cthyl]-l/f-imidazo[4^-c]q[uinoline-5N-oxide (57.5 g, 215.1 mmol), 
anhydrous toluene (200 mL) and anhydrous dimethyl formamide (400 mL) under a 
nitrogen atmosphere. Pho^horus oxychloride (23 mL, 247.4 mmoQ was added dropwise 
over 20 minutes to this mi3Cture leading to a modest exotfaemi(~ 40^. Thereaction 

20 wasjudged complete after 1.25 hours at ambient temperatuie. The volatiles were removed 
under reduced pressure and the resulting solid was partitioned between chloroform and 
10% aqueous sodium caibonate. The aqueous layer was extracted with chloroform; tiie 
organic fractions were combined, dried with anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The resulting brown solid was dried at 60 ^C, under 
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vacuum, for 4 hours to obtain 36.6 g of 4-chloro-l-[2-(piop-2-ynyloxy)ethyl]-l^- 

imidazo[4,5-c]qumoline as a powder. 

MS (CI) for CisHnCINaO xn/z 286 (MH*), 246, 204. 

Parte 

5 A dried round bottom flask was charged with a stir bar, sodium hydride (8.15 g, 

203.9 mmol) and anhydrous 2-methoxylethyl ether (diglyme, 100 mL) while under a 
nitrogen atmosphere and at ambient temperature. Phenol (20.7 g, 2202 mmol) was added 
in several portions as a solid and the resiilting solution stirred under a nitrogen atmosphere 
until gas evolution ceased. 4-chloro-l-[2-{prop-2-ynyloxy)ethyl]-l^-imidazo[4,5- 

10 c]quinoline (46.6 g, 163.1 mmol) was added neat and the solution was heated to 1 10 °C. 
After 15.5 hours, a piefoimed solution of sodium phenoxide (phenol 5 g, 53.1 mmol and 
sodium hydride 151 g, 47.8 mmol) in diglyme (20 mL) was added to the reaction solution 
and heating was increased to 165 ''C. The reaction was judged complete after 1 hour at 
1 65 X. After cooling to less than 70 "^C, the volatiles were removed under reduced 

15 pressure and die resulting brown solid was partitioned between chloroform and saturated 
aqueous sodium carbonate. The aqueous fraction was extracted widi chloroform; the 
combined organic fractions were dried widi anhydrous magnesium sulfrite, filtered and 
dien concentrated under reduced pressure to provide a brown solid. The solid was 
recrystallized from acetom'trile with a small amount of dimethyl formamide to provide 25 

20 g of 4-phenoxy- 1 -[2-(prop-2-ynyloxy)ethyl]-l/f-imidazo[4,5-c]quinoline as a crystalline 
solid. 

MS (CI) for C2iHi7N302 m/z 344 QJOS^, 306, 288. 
PartD 

Using the general method of Example 3 Part A, 4-phenoxy-l-[2-0prop-2- 
25 ynyloxy)cthyl]- l/f-imidazo[4,5-clqumoline (1 0 g, 29.4 rmnol) was reacted with 2- 
iodothiophene (3.6 mL, 32.3 mmol). The glassy solid obtained from purification by 
chromatography over sihca gel (98/2 dichlorome&aneAnethanol) was triturated with ether 
to provide 53 g of 4-phenoxy-l-{2-[(3-thien-3-ylprop-2-ynyl)oxy]ethyl}-lif-imidazo[4,5- 
cjqmnoline as a gray powder. 
30 MS (CI) for CjsHisNjQiS m/z 426 (MH*). 306, 288, 
PartE 
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10 



15 



4-Phenoxy-l -{2-[(3-thienO-yIprop-2-ynyl)oxy]cthyl} 
(3.2 g, 7.52 mmol) and ammoniuni acetate (32 g, 415 mmol) were melted together in a 
dried iDund bottom heated to 150 mider a nitrogen atmosphere. After 2 hrs additional 
ammonium acetate (10 g, 129 nmol) was added. The reaction was judged complete after 
a total of 4 hours. The melted solids were cooled to ambient temperature and basified with 
IN aqueous potassium hydroxide to a pH of -13. The aqueous mixture was extracted with 
dichloromettiane (3x); the combined organic fractions were washed with brine, dried over 
anhydrous magnesium sulfete, filtered and then concentrated under reduced pressure. The 
resulting solid was purified by chromatography over silica gel (98/2 
dichloromethane/methanol), then triturated with ether to provide 0.812 g of l-{2-[(3-tiiicn- 
2-ylpiop-2-ynyl)oxy]ethyl}-lif-imidazo[44-c]quinolin-4-amine as a white powder, m.p. 
148-150 **C. 

Analysis. Calculated for C19H16N4OS: %C. 65.50; %H.4.63; %N, 16.08. Found: %C, 
65.4^ m 4.65; %N, 16.11 

'H NMR (300 MHz, DMSO) 5 8.16 (a. 1 H), 8.1 1 (d, J » 6.8 Hz, 1 H). 7.60 (m. 2 H), 7.43 
(t, J = 6.8 Hz. 1 H), 7.20-7.25 (m, 2 H), 7.04 (dd, J = 4.9. 3.9 Hz. 1 H). 6.58 (s, 2 H). 4.84 
(t. J = 5.4, 2 H), 4.41 (s, 2 H), 3.99 (t, J = 5.4, 2 H) 
MS (CI) for Ci9Hi6N40S m/z 349 (MH*), 229, 185. 



20 



Example 31 

l.{2-[(l-mcthyH^-indol-.2-yl)methoxy]ethyl}- 
l^-imidazo[4,5-c]quinolin-4-amine 
NH, 




Part A 
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Using the general method of Example 30 Part D, 4-phenoxy-I-[2-(prop-2- 

ynyloxy>thyl]-lH-imida20[4,5^]quinolme (3.16 g, 9.20 mmol) was reacted with 2.iodo. 

NJI-dmie%laniliiie (2.5 g. 10.1 mmol) to provide a 1.0 g of l-{2-[(l-mefliyH/f.iBdol- 

2-yl)me&oxy]e%l}^-phenoxy-l/^imidazo[4^-c]quinoline as a pale yellow ciystallme 
5 solid. 

MS (CI) for C28H24N4Q2 m/z 449 (MH*), 306, 186. 
PartB 

l-{2-[(l-Me%l-l/r-indol-2-yl)methoxy]e%l}-4-plienoxy-l/f.i^ 
c]quinoline (0.78 g, 1 .74 mmol) was partiaUy converted to the desired product by 

10 wcposure to ammonia, (7% in metiianol, 20 mL) for 52 hours at 1 60 in a bomb. The 
volatiles were removed under reduced pressure and die material was reacted with more 
ammonia (7% in methanol, 20 mL) for 80 hours at 160 *»C to completely consume Ae 
starting material. The solid was removed by filtration and die filtrate was concentrated 
under reduced vacuum. The resulting material was purified by chromatography over silica 

15 gel (9/1 dichloromeAane/methanol). The resulting solid was reciystallized from dimethyl 
formamide to provide 0.121 g of l-{2-[(l-methyH^-indol-2-yl)methoxy]e1hyl}-ljy- 
imidazo[4,5-c]quinolin-4-aminc as white, flat crystals, m.p. 243-245 °C. 
Analysis. Calculated for C22H21N5O • (C3H7bN)ojo: %C, 70.50; %H, 5.81; %N. 18.75. 
Found: %C, 70.72; %H, 5.70; %N, 18J6 

20 NMR (300 MHz, DMSO) 6 8. 13 (s, 1 H), 8.05 (d, J = 8.3 Hz, 1 H). 7.60 (d, J = 93, 1 

H), 7.36-7,47 (m. 3 H), 7.10-7.20 (m. 2 H). 6.98 (t, J - 73 Hz, 1 H), 6.58 (brs, 2 H), 636 
(s. 1 H), 4.82 (t, J = 4.9, 2 H), 4.64 (s, 2 H), 3i)2 (t, J = 4.9. 2 H), 3.52 (s, 3 H) 
MS (CI) for C22H2,N50 m/z 372 (MH*), 229, 144. 
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Examples! 

1 -[2-(3-tfaien-2*y1propoxy)e%l]-li/-imidazo[4,5-c]qum 





PartA 

S A dried round bottom flask was cfaaiged wilh a stir bar, 2-(liif-iiiudazo[4,5- 

c]qi]iiioliii-l-yI)e&yl(2-propyiiyl) ether (11.78 g, 46.88iimioQ, anhydrous trielhyhunine 
(14 inL» 121.9 mmol), 2-iodothiophene (S.7 mL, 51.57 mmpl) and anhydrous dimeftyl 
fonnandde(130 mL) under a nitrogen atmosphere and heated to 80 ^C. After 5 nunutes 
dichlorobis(triphcnylphosphine)palladium(II) (0.658 g, 0.937 mol) and copper(I) iodide 

10 (0.357 g, 1 .875 nmiol) were added neat to the solution. The reaction was judged complete 
after 50 minutes. The volatiles were removed under reduced pressure and die resulting 
solid partitioned between dichloromethane and 0.5N aqueous potassium hydroxide. The 
aqueous fraction was extracted with dichlorometfaane (3x); tiie combined org9mc fractions 
were dried with anhydrous magnesium sulfate, filtered and concentrated under reduced 

15 pressure to provide a brown solid. The glassy solid obtained from purification by 

chromatography over silica gel (98/2 dichlorometiianeAnethanol) was triturated with ether 
to provide 9.5 g of l-{2-[(3-tiiien-2-ylprop-2-ynyl)oxy]ethyl}-ljff-imida2o[4,5-c]quinoline 
as a tan solid. 

MS (CI) for C19H15N3OS m/z 334 (MH*), 290. 214. 
20 PaitB 

Using the general metiiod of Example 3 Part B, l-{2-[(3-tbicii-2-yIprop-2- 
ynyI)oxy]ethyl}*lfr-imidazo[4,5-c]quinolme (9.5 g, 28.49 mmol) was reduced with 
palladium on carbon (10%» I g) in methanol (25 mL) to provide 9.1 g of l-[2-(3-tiiien-2- 
ylpropoxy)ethyl]-lff-hmda2o[4,5-c]quinoline as a brown oO. 
25 MS (CI) for C19H19N3OS m/z 338 (MH*), 214. 
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Parte 

Using the general method of Example 1 Part B, l-[2-(3-thien-2-ylpropoxy)ethyl]- 
lfr-imida2o[4,5-c]quinoline was oxidized to provide 4.4 g of l-[2-{3-thien-2- 
ylpropoxy)ethyl]-l/r-iniidazo(4,5-c]quinoline-5N-oxide as an impurified tan solid. 
5 MS (CI) for Ci9Hi9N302S miz 354 (MH*). 338. 214. 
PartD 

Using tixe general method of Example 1 Part C, H2-(3-thien-2-ylpiopoxy)ethyl]- 
li/-inuda2o[4,5-o]quinoline-5N-oxide (4.4 g, 12.45 mmol) was reacted wiA 
trichloroacetyl isocyanate (1.8 mL, 14.9 mmol) to provide 2,2^-trichloro-iV-{l-[2-(3- 
10 thien-2-ylpropoxy)ethyl]-l//-imida2o[4,5-c]quinolin-4-yl}acetamide as an mipurified 
glassy solid. 
PaitE 

A dried round bottom flask was chaigcd with a stir bar, 2A2-1xichIoro-iV^{l-[2-(3- 
tMcn-2-ylpropoxy)e%I]-Lff-imida2o[4,5-c]quinolin-4-yl^ and sodinm 

15 medioxide (25% in meOanol, 1 1 mL» 49.8 mmol) at ambient temperature. The reaction 
was judged complete after 30 hours. The volatiles were removed under reduced pressure. 
The resulting oil was purified with chromatography over silica gel (95/5 
dichloromethane/medianol), semi-preparative HPLC using method A, and recrystallization 
from ethyl acetate/hexane to provide 43 mg of l-[2-(3-thien-2-ylpropoxy)c%l]-l//- 

20 imidazo[4,5-c]quinolin<4-am]ne as a white crystalline solid. m,p. 130.1-1 3 1 .6 X. 
Analysis. Calculated for C19H20N4OS • (H20)ojo: %C, 63.77; %H. 5.80; %N, 15.66. 
Found: %C, 63.84; %H, 5.79; %N, 15.57 

'H NMR (300 MHz, DMSO) 6 8.16 (s, 1 H), 8.12 (d. J = 8.3 Hz, 1 H), 7.62 (d, J = 8.3 Hz, 
1 H). 7.43 (t, J = 73 Hz, 1 IQ, 720-7.26 (m. 2 H), 6.84 (dd, J « 4.9, 3.4 Hz, 1 H), 6.62 (d. 
25 J = 2.4 Hz, 1 H) 6.58 (s, 2 IQ, 4.79 (t, J = 5.4 Hz, 2 H), 3.83 (t. J « 5.4 Hz, 2 H), 335 (t, J 
« 6.4, 2 H), 2.64 (t, J - 7.8 Hz, 2 H), 1 .69 (p. J = 6.8, 63 Hz, 2 15. 
MS (O) for C19H20N4OS m/z 353 (MH*), 21 1, 185. 
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Example 33 

^[2-(3-Pyridm-3-ylim)poxy)ettlyI^lH-imidazo(4,5-c]qu^ 




Under a nitrogen atmosphere, a solution of 2-ainmobenzoic acid (100.0 g, 0.73 
mol) in acetic anhydride (400 inl,4imol) was heated to reflux for 2 bona Ttereaction 
was cooled to room temperature and the solvent was removed in vacuo. The residue was. 

10 dissolved in glacial acetic acid (500 ml) and NaN, (49.77 g. 0.77 mol) was added The 
mixture was stined overnight at room temperature foDowed by concentratioa of the acetic 
acid in vacuo. Tlie residue was dissolved in 10% NaOH (500 ml) solution and heated to 
reflux for 3.5 hours. The reaction was cooled to room temperature and then poured over a 
mixture of ice water (2 L) and HQ (150 ml). A white solid precipitated and was collected 

15 by vacuum filtration. The solid was dried in vacuo to yield 130.5 g of 2-(5-methyI-lfl^ 
t6trazoi-l-yl)benzoic acid. 

'H NMR (300 MHz, DMSOwl«) 8 8.12 (d, J - 7.2 Hz, IH), 7.91-7.78 (m, 2H). 7.72(d, J - 

7.4Hz. IH), 2.37 (s,3H); 

MS (O) ni/e 205 a>«H*)' 
20 PartB 

Under a nitrogen atmosphere. 2-(5-me1hyl-l/f-tctrazol-l-yl)bcnzoic acid (89.7 g. 
0.44 mol) was dissolved in acetone (1 L) and cesium carbonate C214.7 g. 0.66 mol) was 
added with vigorous stirring. Ethyl iodide (70.3 ml. 0.88 mol) was added dropwise and the 
reaction was heated to reflix for 4 hours. The reaction was cooled to room temperature 

25 and filtered. The acetone was removed in vocKo to yidd a ycUowsoKd which was 

dissolved in dichloiomethane (800 ml) and washed with saturated sodium bicarbonate 



84 



wo 02/46193 



PCTAJSOl/46704 



(200 ml). The organic ftaction was dried (Na2S04), filtered, and concentrated to yield 
92.7 g of ethyl 2-(5-mctfiyl-l/f-tetrazol-l.yl)ben2oate as a light yellow solid 

NMR (300 MHz, DMS0-d6) 5 8.14 (d, J = 7.8 Hz. IH), 7.89 (m. 2H), 7.79 (d, J = 7.9 
Hz, IH). 4.08 (q. J = 7.4 Hz. 2H). 2.40 (s, 3H), 1.04 (t, J = 6.9 Hz, 3H); 
5 MS (CI) m/e 233 (MH*), 159. 
Parte 

Under a nitrogen atmosphere, ethyl 2-(5-methyl-l/r-tetrazol-l-yl)benzoate (92.7 g, 
0.34 mol) was dissolved in N.N^imethylfonnamide (600ml) and the solution was chined 
in an ice water bath. Potassium cthoxide (672 g, 0.80 mol) was added slowly to the 

10 solution. After a few minutes, the ice water bath was removed and ttie reaction was stirred 
at room temperature for 3 hours. The reaction was treated witii 100 ml of water and 
approximately 300-400 ml of solvent was removed in vacuo. The remainder of the 
reaction was poured over a solution of glacial acetic acid (125 ml) in ice water (2 L), A 
precipitate formed and the mixture was diluted with additional water (3 L). The solid was 

15 collected by vacuum filtration to yield 63.25 g of tetrazolo[l,5-a]quinoHn-5-ol as a ycDow 
solid. 

^H-NMR (300 MHz. DMSO-d^) 6 8.54 (d. J = 8.4 Hz, IH). 8.27 (d, J = 8.1 Hz, IH). 7.99 
(t, J = 7.4 Hz. IH), 7.80 (t. J = 7.2 Hz, IH), 7.04 (s. IH); 
MS (d) m/e 187 (MH*), 159. 
20 PartD 

Tetrazolo[l,5-a]quinolin-5-ol (63.25 g, 0.34 mol) was added to glacial acetic acid 
(630 ml) to form a thick off white suspension. The mixture was vigorously stirred while 
nitric acid (23.6 ml, 0.37 mol, 70% solution) was slowly added. The reaction was then 
heated from 25 to 80 over a period of 15 minutes. A yellow precipitate fonned and the 
25 reaction was maintained at 80 "C for 5 minutes. The mixture was slowly cooled to 0 **C. 
The solid was collected by itihration and then dried in vacuo to yield 60.0 g of 4-nitzo- 
tetnizolo[l,5Hi]qulnolin-5<ol as a yellow solid. 

'H-NMR (300 MHz, DMSOd6) 6 8.35 (d. J = 3.9 Hz, lEy, 832 (d, J = 3^1 Hz, IH), 7 JO 
(t. J- 73 Hz, IH), 7.68 (t, J- 8.2 Hz, IH); 
30 MS (O) m/e 232 (MH*), 204. 
PartE 

Under a nitrogen atmosphere, POQ3 (16.42 ml, 0.17 mol) was slowly added to a 
chilled (0 flask containing NJ^-dimetiiylformamide (100 ml). The resulting solution 
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was slowly wanned to room temperature and then added diopwise to a suspension of 4- 

nitn>-tetrazolo[l,5-i3]qumolin-5-ol in N,N-dimethylfonnamide (300 ml). The leaction was 

heated to 100 for 30 minutes. The orange/ied solution was quenched by pouring over 1 

liter of ice water. A yellow precipitate formed and was collected by filtration, redissolved 

in chlorofonn (approx. 750 ml), dried (Ha2S04), filtered, and concentrated in vacuo to 

yield 33.74 g of 5-chloro-4-nitrotBtrazolo[l,5-a]quinoline as a yellow solid. 

*H NMR (300 MHz, DMSOd«) 8 8.78 (d. J = 8.2 Hz, IH); 8.57 (d, J = 8.3 Hz, IH), 8.29- 

8.22 (m, IH), 8.09-8.03 (m, IH); 

MS(CI)m/e250 (MH*). 

PartF 

5<}hloiXH4-nitrotetrazolo[l,5-a]quinoline (28.86 g, 0.1 1 mol), dichlorometfaane 
(600 ml), and triethylamine (21.14 ml, 0.1 1 mol) were combined and flie resulting 
solution was chilled to 0 •(:. 2-<3-Pyridin-3-ylpropoxy)cthylamine (22.9 g, 0.13 moQ was 
added dropwise. The reaction was aUowed to slowly warm to room temperature, then 
stirred at room temperature for 1 hour and finally at reflux fof 2 hours. The reaction was 
cooled to room temperature and then quenched with water (200 ml). The phases were 
separated and the aqueous layer was extracted with dichloromedume (3 x 50ml). The 
combined organic fractions were washed with brine (100 ml), dried (Na2S04), filtered and 
concentrated to yield a yellow solid. The solid was slurried in etbanol (150 ml) and 
filtered to provide 34.3 g of 4-nitro-N-[2-(3-pyridiii-3-ylpropoxy)ethyl]tetrazolo(l> 
a]quinolin-5-amine. 

"H NMR (300 MHz, DMS0-d6) 8 1027 (bs, IH), 8.69 (d, J = 8.3 Hz, IH), 8.54 (d. J » 
8.3 Hz, IH). 8.37 (bs, 2H), 8.08 (t, J = 7.7 Hz, IH). 7.81 (t. J = 7.2 Hz, IH), 7.57 (d, J = 
7.3 Hz. IH), 7.27 (dd, J - 7.9. 5.0 Hz, IH), 3.92 (m, 2H). 3.71 (t, J = 5.4 Hz, 2H), 3.47 (t, 
J = 6.0 Hz, 2H), 2.62 (t, J = 7.4 Hz. 2H), 1.82 (m, 2H); 

MS (CI) m/e 394 (MH*), 366. 
Parte 

4-Nitro-N-p-(3-pyridin-3-ylpropoxy)ethyl]tetrazolo[14-fllquin^ (343 
g, 87.2 mmol) was added to a 3 liter stainless steel pressure flask containing ethanol (1 .25 
L, absolute). Platinum on caibon (3.00 g, 5% w/w) was added and the flask was placed on 
a Parr hydrogenation apparatus. The reaction was shaken under 45 psi (3.15 Kg/cm^) of 
hydrogen for 24 houra. The catalyst was removed by filtration tiirou^ Celite™ and tiie 
CeUte pad was washed ^th several portions of e^ianol. The filtrate was concentrated in 
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vacuo to provide 30.8 g of N*42-(3-pyridin-3-ylpropoxy)ethyl]tetazolo(14^^^^^ 
4,5-diamme as an orange/red oil MS (CI) m/c 364 (MH*), 336. 
PartH 

Triethyl orthofonnate (21.1ml. 127ininol) was added to a solution of N^-(2-(3- 
pyridin-3-ylpropoxy)ethyl]tetrazolo[1.5^]quinoline-4.5-diainine (30.8 g. 84.7 nnnol) in 
U-dichk«oethane (750 ml) and the reaction wa. heated to reflux for 3 hours. The reaction 
was cooled to room temperature and diluted v«th saturated sodium bicarbonate ( 

The phases were separated and the aqueous layer was extracted with dichloromeA^ 
x75ml). The combmed organic fractions were washed with brine (200 ml), dried 
(Na,S04) and concentrated to provide an orange solid. The solid was triftuated with 
diethyl ether and then filtered to yield 28.7 g of 6-[2-(3-pyridin-3-ylpropoxy)ethyl]-6ff- 
unidazo[4.5-c]tctia2olo[l,5^]quinolhie as a tan/orange solid. 
'H-NMR(300 ymz, CDQ,) 5 8.71 (dd. J = 8.1, 1.3 Hz, IH). 8.38 (dd, J = 4.8. 1.5 Hz. 
IH). 8 JO (d. J - 2.1 Hz. IH). 8.20 (d. J = 7.7 Hz. IH). 8.07 (s. IH). 7.73 (m, 2H). 7.32 (dt. 

15 J-7.8.1«»Hz..lH).7.13(dd.J-7.7.4.8Hz.lH).4.81(t.J = 5.1Hz.2H).3.96(U=51 
Hz; 2H), 3.42 (U = 6.2 Hz. 2H). 2.52 (U - 7.5 Hz. 2H). 1.82-1.74 (m. 2H); 
MS(CI)m/e374(MH*). 
Parti 

Triphenylphosphine (27.0g. 1 15mmo0 was added to a solution of 6-{2-(3-pyridin. 
3-ylpropoxy)ethyl]-6/f-imidazo[4.5-c]tetrazolo[1.5-<,]quinoline (28.7 g. 76.9 mmol) in 
U^-chlorobenzene (1 L). The reaction was heated at reflux temperature overnight The 
dark red solution was cooled to room temperature and treated with IN HQ (225 ml). A 
tan precipitate formed. The resulting mixture was concentrated «. v«««, to yield a dark 
red/brown solid. ™s material was treated with 500 ml water and vigorously stirred. 
Excess triphenylphosphine and triphenylphosphme oxide formed as precipitates and were 
removed by vacuum fihration. The soUd was washed with several portions of water 
foUowedbyafinalwashwith dilute HQ (1:5. INHQiwater). The red/brown flltrate was 
coBected. washed with ether (3 x 150ml). and treated with 10% NaOH solution untU the 
pH reached 12. The erode product formed as a tan precipitate and was coUected by 
filtration. Purification of the crude material was accomplished by treatment (2X) with 
activated chareoal (Darco^) in refluxing meflumoL The charcoal was removed by 
filtration. The desired product formed as a precipitate during concentration of the filtrate. 
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The solid was collected by vacuum filtration washed with diethyl ether, and dried under 
vacuum to provide 17 g of l.[2-{3-pyridm-3-ylpropoxy)efliyl]-l/f-imidazo[4,5-c]quinolin- 
4-amine as a tan solid, ntp. 125.0-128.0 "C. 

NMR (300 MHz, DMSO-de) 5 8.33 (d, J - 4.8 Hz, IH). 8.24 (s, IH), 8.18 (s, IH), 8.13 
5 (d, J » 7.7 Hz, IH), 7.63 (d, J - 8.4 Hz, IH). 7.45 (t, J = 6.8 Hz, IH), 7.33-7.21 (m. 2H), 
7.16 (dd. J = 7.7, 4.8 Hz, IH), 6.62 (s, 2H), 4.80 (t, J = 4.8 Hz, 2H), 3.82 (t, J = 4.9 Hz, 
2H), 330 (t, J = 6.3 Hz, 2H). 2.39 (t, J « 7.3 Hz, 2H), 1.64 (m, 2H); 
MS{CI)m/e 348 (MH*); 

Anal calcd for C2oH2iN50*0.08 YkO: C, 68.89; H, 6.11; N, 20.09. Found: C, 68.49; H, 
10 5.95; N, 20.08. 

Example 34 

24^e%l-l-[2-(3-pyridin-3-ylpropoxy)etfiyl]-l/f-imidazo[4,5-c]quinolinM 



Under an atmosphere of nitrogen, N'-[2-{3-pyiidin-3- 
ylpropoxy)ethyl]tetra2olo(l,5-fl]quinoline-4,5-diamine (0.70 g, 1.92 mmol) was dissolved 

20 in i;^-dicbloroetfaane (15 ml). TrieAyl ortboacctate (0.53 ml. 2.88 mmol) was added via 
syringe and the reaction was heated to reflux for 3 hours. Analysis by tfiin layer 
chromatography (95/5 chloroform/methanol) showed complete consumption of the 
diamme. The reaction was quenched by Ae addition of water (15 ml). The phases were 
separated and the aqueous firaction was extracted with dichloromethane (3x10 ml). The 

25 combmed organic factions were washed wife brine (1 5 ml), dried (Na2S04), filtered and 
concentrated in vacuo to yield 0.73 g of 5-methyl-6-[2-(3-pyridin-3.ylpiopoxy)etfiyl]-6if- 



15 




Part A 
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imidazo[4,5-c]telrazolo[l,5-a]quinoline as a red oil. This material was used without 
fiuther puiificatioa 

MS(C0ni/e388(M+H). 
PaitB 

Under an atmosphere of nitrogen, 5-niethyl-6-t2-(3-pyridin-3-ylpropoxy)ethyl]- 
6«-imidazoI4.5-c]tetra2olo[U-«]quinoline (0.73 g. 1.89 nunol) and triphenylphosphine 
(0.64 ft 2.84 mmol) were dissolved in U-dichlorobenzene (15 ml). The reaction was 
heated at refha for 18 hours. After cooling to ambioit temperatuns. the solvent was 
removed favacMO. The resulting residue was treated whli IN HQ/water (30 ml) and 
vigorous stirring produced an off white suspension. Tbe soHd was removed by filiration 
leaving a yellow fUtiate. TTie filtrate was treated with 10 % sodium hydroMdc^^rate^ until 
pH 1 1 was reached. The filtrate was extracted with dichloiomofliane (3 x 25 ml). The 
combined organic fiactions were washed with brine (25 ml), dried (Na^SO^, filtered and 
concentrated in vacuo to yield an orange oil. The oil was dissolved in a minimum amount 

of dichloromettiane and diluted wi4 efter to produce a piebipitate. TTie soUd was 
reciystallized from n-prop)^ acetate to yield 0.16 g of 2-me%l-l-p-(3-pyridin-3- 
ylpropoxy)ethyl]-l^-imida2o[44<]quinoline^^amine as a tan soMd. m.p. 145.0-146.0. 
'H NMR (300 MHz. CDQ,) 5 8.40 (d, J = 4.9 Hz, IH). 8 J4 (d, J = 2.0 Hz, IH), 7SZ (d. J 
= 7.4 Hz. IH). 7.84 (d, J = 8.4 Hz. IH). 7.52 (t. J = 7.2 Hz. IH). 7.31 (t. J = 6.6 Hz. IH), 
722 (d, J = 7.8 Hz. IH). 7.09 (dd. J = 4.8, 7.8 Hz, IH), 5.46 (bs. 2H), 4.67 (t. J = 5.3 Hz. 
2H). 3.90 (t, J = 5.3 Hz, 2H), 3.34 (t. J = 6.2 Hz. 2H), 2.70 (s. 3H), 2 J2 (t. J = 8.0 Hz, 
2H).1.76(m.2H); 
MS (CQ m/e 362 ^ H); 

Anal calcd for CnHjjNjO: C, 69.78; H, 6.41; N, 19.38. Found: C, 69.40; H, 6.38; N, 
19.00. 
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Example 35 

2-Butyl-l-[2-(3-pyri<iin-3-ylpropoxy)etbyl]-lH-imidazo[4,5-c]quino^ 




5 

PartA 

Under an atmosphere of nitrogen, N^-[2-{3-pytidin-3- 
ylpropoxy)ethyl]tetrazolo[l,5-a]quinoline-4,5-diamine (2.48 g, 6.82 mmol) was dissolved 

10 in toluene (40 mi). Trimcthyl orthovalerate (1 .29 ml, 7,5 1 ramol) was added via syringe. 
A catalytic amount of pyridine hydrochloiide was added to the reaction and fbs flask was 
fitted with a Dean-Stark trap. The reaction was heated to reflux and the volatiles were 
collected in the trap. After 4 hours, the reaction was cooled to room temperature and 
quenched hy the addition of water (30 ml). The phases were separated and die aqueous 

15 phase was extracted with ethyl acetate (3x15 ml). The combined organic fractions were 
washed with brine (25 ml), dried (Na2S04), filtered and concentrated in vacuo to provide a 
red/brown oil. The material was purified by flash column chromatography (silica gel, 2/1 
to 95/5 ethyl acetate/hcxane gradient) to yield 1.98 g of 2-butyl-6-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-6if-imidazo[4,5-c]tetrazolo[l ,5-a]quinoline as an orange oil. 

20 *H NMR (300 MHz, DMSO-d^) 5 8.53 (d, J = 8.2 Hz, 1 IQ. 8.41 (d, J » 7.9 Hz. 1 H). 8.37 
(d. J = 5.0 Hz, 1 H), 83 1 (d, J = 1 .9 Hz, 1 H), 7.84 (d, J = 7.2 Hz. 1 H). 7.75 (t. J = 7.5 Hz, 
1 H). 7.48 (d. J « 7^ Hz. 1 H), 7.23 (dd. J = 7.8. 4.9 Hz, 1 H), 3.63 (t, J = 5.0 Hz. 2 H), 
3.56 (t. J = 4.9 Hz, 2 HX 3.36 (t, J - 6.3 Hz, 2 H). 2.51 (m. 2H). 2.12 (t, J = 7.7 Hz, 2 H), 
1.73 (pcntet. J - 7,4 Hz, 2 H), 1.45 (pentct, J « 7.7 Hz, 2 H), 1.12 (m. 2 H), 0.68 (t, J « 7.4 

25 Hz,3H); 

MS(CI)m/c430(M + H). 
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Parte 



Hm^OOOmU. DMSOO 6 W (d. « h. l H), 8^4 (. , „), , « <4 „ 
^.HX«.(d., = ,„H^,HX,.«(U.7.7,fe,H).,^-7^(^,^„/ 

forC^K., c 7,.«; H, 7^, N. 17Jt F«.l. C, 71^3; H. N, 



Bxamph36 

2-(2.Mettoxye%l>l-p^.pyridi,v.3-ylpnqH,xy)e%l]-^ 
imidazo[4,5-clqiimoliii-4-aiiiiiie 




PaxtA 



U'«»««'»t«>genatmosphere.N5^2K3i,yridb-3-ylpropoxy)^^^^^^ 
a]qunK.luK^4.5slia3nine(2.48g.6.82n«no0J;»^cUo^ 
trie^laarine (1.14^8^ n^oOwerccombinedand the n^nUting 
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an ice water bath. 3-methoxypiopionyl chloride (0.92 g. 7.5 mmol) was added dropwise 
to the solution. The cooling bath was removed and the reaction was stined for an 
additional 1 8 hours. The solution was quenched by the addition of water (30 ml). The 
phases were separated and the aqueous phase was extracted with dichloromethane (2 x 15 
5 ml). The combined organic fractions were washed with brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield 3.16 g of an orange syrup. LCMS analysis of the crude 
product showed a mixture of mono- and di-acylated product The material was used 
without further purification. 
PartB 

10 Under a nitrogen atmosphere, the product from part A (3.16 g), toluene (40 ml), 

and pyridine hydrochloride (50 mg, 0.4 nmiol) were combined and the resulting mixture 
was heated at reflux temperature for 4 hours. The volatiles were collected in a Dean-Staik 
trap. The reaction was cooled to ambient tenq>erature and tiben diluted with water (30 ml). 
The phases were separated and the aqueous phase was extracted with dichloromethane (3 

15 X 20 ml). The combined organic extracts were washed with brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield an orange foam. The material was purified by column 
chromatography (silica gel, 99:1 CHQaiMeOH gradient to 9:1) and then recrystallized 
from 2-propanol to yield 0.35 g of 5-(2-methoxyethyl)-6-[2-{3-pyridin-3- 
ylpropoxy)ethyl]-6/f-miidazo[4,5-c]tetiaazolo[l ,5-a]quinoline as a beige soHd. 

20 Parte 

5-(2-methoxyethyl)-6r[2-(3i)yridin-3-ylpropoxy)efhyll-6/f-im^ 
c]tetraazolo[l,5-a]quinoline (0.35 g, 0.80 mrnol) was treated with triphenylphosphine 
(0.28 g, 1.20 mmol) using the general procedure described in Part B of example 35. The 
cmdc product was crystallized from ether to yield 90 mg of 2-(2-methoxyethyl)-l-[2-(3- 
25 pyridm-3-ylpn)poxy)cthyl]-l/f-iniida2»[4,5-c]quiiK)lin-^amine as off-white crystals. 

*H NMR (300 MHz, CDa3) 5 8.39 {dd. J = 4.8. 1.5 Hz, 1 H). 8.33 (d, J = 1.8 Hz, 1 H), 
7.94 (d, J = 7.4 Hz, 1 H), 7,83 (d. J - 8.3 Hz, 1 H). 7.52-7.47 (m. 1 H), 732-7.21 (m, 2 H), 
7.09 (dd, J = 7.0, 4.8 Hz. 1 H), 5.59 (bs, 2 H), 4.74 (t. J « 5.4 Hz, 2 H), 3.90 (t, J = 6.6 Hz, 
2 H). 3,87 (t, J = 5.4 Hz, 2 HX 3.38 (s, 3 H), 3.33 (t, J = 6. 1 Hz, 2 H), 3.28 (t, J « 6.6 Hz, 2 

30 H), 2J1 (t. J = 7.4 Hz, 2 H), 1.81-1.71 (m. 2 H); 

"CNMR (75 MHz, CDOj) 6 152.4, 15L6, 150.2, 147.8, 145.2, 137.1, 136.2, 133.7, 
127.7, 127.4, 123.6, 122.5, 120.0, 115.9, 712. 70.6, 69.6. 59.4, 46.1, 31.1. 29.6, 28.7; 
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MS(CD m/e 406^42 calcd for (406.2243 C23H28N5O2.M+H). 



Example 37 

2-methyl4-[2-(3-pyridin.3.ylpiopoxy)etliyl]^^^^^^ 

cJquinoliiHt-ainiiie * 




PartA 

A 200 mL round bottom flask was chaiged with 3-nitro-5,6.7,8- 
tetraliydioqukolme-2,4-diol (10 g. 0.048 moL) and phosphoioua oxychloridc (100 mL, 
1.07 mol., 22 equivalents). Tbc reaction mixture was heated to 80^ and mainteincd, with 
stimng for six houn. Hie reaction was quenched by slowly adding the reaction mixture to 
water (1500 mL). "Ihe reaction mixture was extracted with dichloromethane (4 x 100 
mL). He dichloromethane fiactioas were combined, dried over magnesium snl&te and 
concentrated to provide 2.4^chloro-3-mtrD-5.6.7.8-tetiahydioquinolino as a tan solid 
(10.6 g, 91%). m-p. 63-64<'C,lLC (10%MeOH/CmCL2, Rf=0.84). 
Parts 

A 200 ml round bqttom flask was charged wifli 2,4-dichloro-3-nitro-5.6,7,8- 
tetiahydroqmnoline GO g. 0.04 mol). Iriethytamine (6.1g. 0.06 mol. 1.5 equival^ts) and 
anhydrous N.N-danethylfonnamide (100 mL). To this solution was added 2-(3-pyridin-3- 
ylpropQxy)ethanamin8 (73 g, 0.04 mol). The reaction mixture was heated to 55-0 and 
maintained overnight with stining. TTie reaction was quenched by pouring into water 
(1000 mL). The reaction mixture was then extracted wifli a 1:1 solution of hexane/ethyl 
acetate (4 x 200 mL). The organics were combined, washed with brine (300 mL) and 
concentrated to provide 2-chloro-3.nitn>-iV-[2-(3-pyridin-3-ylpropoxy)ethyl]-5.6.7.8- 
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tetrahydroqumolin-4-amine as an orange syrup (14.8 g, 94%). TLC{10% 

McOH/CH2CL2, RM).84). 

Parte 

A 200 mL round bottom flask was charged with 60% sodium hydride G^5 g, 0.06 

5 mol, 1 ,7 equivalents) and washed wiA hexane (50 mL). A solution of phenol (5.7 g, 0.06 
mol, 1.6 equivalents) in diglyme (25 mL) was then slowly added to Ae sodium hydride. 
The reaction was maintained with stirring at room temperature for 1 .5 houis. To the 
phenol anion solution was slowly added a solution of 2-chloro-3-mtro-A/'-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-5,6,7,8-tetrahydroquinolin-4-amine (14,8 g, 0,04 mol) in diglyme (25 

10 mL). The stirred reaction mixture was heated to 60**C and maintamed ovemi^t The 

reaction was quenched by pouring onto ice (1000 mL). The ptbduct oiled out of solution. 
The mixture was extracted wth dichlorometibane (4 xl 00 mL). The combined extracts 
were concentrated to dryness. The residue was taken up in 1:1 hexane/etibyl acetate (250 
mL) and washed with water Px 50 mL), The organic layer was concentrated to dryness. 

15 The residue was found to contam excess phenol. The phenol was removed by taking tiie 
residue up in diediyl ether (500 mL) and stining over 1 0% sodium hydroxide (250 mL) 
overnight The layers were separated. The ether layer was concentrated to provide 3- 
n5tra-2-phenoxy-iV'-[2<3-pyridin-3-ylpropoxy)ethyl]-5,6,7,8-teti^ 
as a pale orange syrup (12.0 g, 71%). TLCK10% MeOH/CH2a2, RfN).58). 

20 PartD 

A 500 mL Pan bottle was charged with a solution of 3-nitro-2-phenoxy-^'-[2-(3- 
pyridin-3-ylpropoxy)ethyl]-5A7,8-tctrahydroquinolmr4-anu^ in toluene (150 mL) and 
5% Pt/C catalyst (1 .1 g), placed on Pan apparatus and charged with hydrogen (-54 psi, 3.8 
Kg^cm^). The reaction was allowed to shake for 4 hours, at which tune die reaction was 

25 monitored by HPLC. The reaction was not complete. An additional 1 .0 g 5% Pt/C 
catalyst was added to the Parr bottle, it was recharged wiA hydrogen and shaken 
overnight The reaction was then complete. The mixture was ffllered thremgh Celite and 
washed with toluene (500 mL). The fatrate waa concentrated to provide 2-phcnoxy-iV*-[2- 
(3i)yridin-3-ylpropoxy)etiiyl]-5,6 J,8-tetrahydroquinolh^^ as a yellow synip 

30 (82 g, 74%). TLC (10% McOH/CH2C12, Rf=0.48). Mass-spec M+l=4192 
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15 



PartE 

A 200 ml round bottom flask was charged with 2-phenoxy-^*.[2-(3^yridin-3- 
ylpn)poxy)ethyll-5.6 J,8.tetrahydroqumolme-3.4^a^ (4.1 g, 0.0098 mol.) and 
pyridine (40 mL) at room temperature. To this solution was slowljj added acetyl chloride 
(0.8 g, 0.01 1 mol., 1.1 equivalents). The reaction was maintained widi stirring at room 
temperature. After two hours the reaction was monitored and found to only contain the 
amide intemiediate. The reaction mixture was dien heated to reflux and maintained 
overnight Hie reaction mixture was concentrated to provide a dark amber syrup. The 
syrup was taken up in ethyl acetate (300 mL) and washed with water (2 x 1 00 mL), The 
ethyl acetate layer was concentrated to provide 2-methyW-phenoxy-l.[2-(3^pyridin-3. 
ylpropoxy)ethyl]-6 J,8,9.tetrahydro-lir-imidazo[4^^^ as an orange syiup (3.8 

g,88%). TLC(10%MeOH/CH2C12,Rf=034). Mass-spec M+1 =443.2 
PartF 

A 200 ml round bottom flask was charged with 2-methyl-4'phenoxy-l-[2-(3- 
pyridmr3-ylpropoxy)ethyl]^ J,8^.tetrahydro-l/r-hnida2o{4,5^^ (3.7 g, 0.0084 

mol.) and ammonium acetate (37 g. 0.48 mol, 57 equivalents) and then heated to 150*»C. 
Wi&in 20 minutes the reaction mixture was homogeneous. The reaction mixture was 
maintained with stirring at 150»C overnight The reaction was monitored after 24 hours 
and found to be incomplete. TTie reaction mixture was maintained over tiie weekend. Tbc 
reaction mixture was cooled and then taken iq) m IN HQ (250 mL) and washed vnih 
diethyl ether (200 mL). The aqueous layer was then adjusted to pHl 1 with sodium 
hydroxide and extracted with dichloromethane (3 x 100 mL). The combined organics 
were concentrated to provide an orange syrup. Hie synip was purified by column 
chromatography (10% McOH/CH2C12). The appropriate fractions were combined and 
25 concentrated to provide a pale orange syrap. The syrup was found to be a mixture of &e 
desired product and N-acctylated product The mixture was treated with refluxing IN HQ 
fori hour. Thernixture was cooled, adjusted to pH 11 and liien extracted with 
dichloromettiane. The organics were concentrated to dryness. Hie residue was purified by 
column chromatography to provide 2-methyM.[2-(3-pyridin-3-ylpropoxy)eflQrl]-6»7.8,9. 
30 tctrahydro-liy.imida2o[4,5-c]quinoIin-4-amine as a pale gold solid (0.07 & 2%). TLC 
(10% MeOH/CH2C12 Rf=0.05). m.p. 140-141»C. 
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CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro bmnan blood ceU system is iised to assess cytokine in^^ Activity 
is based on the measurement of interferon and tumor necrosis factor (a) (IFN and TNF, 
5 respectively) secreted into culture media as described by Testeiman et. al. In "Cytokine 
Induction by the Immunomodulators Imiquimod and S-27609''» Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
Blood Cell Preparation for Culture 

Whole blood from healthy human donors is coOected by ven^uncture into EDTA 
10 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated j&omv^ole 
blood by density gradient centrifugation using Histq)aque®-1077« ThePBMCsaie 
washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10^ 
cells/mL in RPMI conq>lete. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickmson Labwarc, Lincohi Park, 
1 5 NJ) containing an equal volume of RPMI complete media containing test compound. 
Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). TheDMSO 
concentration should not exceed a final concentration of \% for addition to the culture 
wells 
20 Incubation 

The solution of test compound is added at 60 |iM to the first well containing RPMI 
complete and serial 3 fold dilutions arc made in the wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
desired range (0.12 to 30 ^iM). The final concentration of PBMC suspension is 1.5-2 X 
25 10^ ccllfi/mL. The plates arc covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 3VC in a 5% carbon dioxide atmosphere. 
Separation 

Following incubation the plates are centiifuged for 5-10 minutes at 1000 rpm 
(^200 X g) at 4*^. The cell-free cuhuie supernatant is removed with a sterile 
30 polypropylene p^t and transferred to sterile polypropylene tubes. Samples are 

matntamed at -30 to -70^C until analysis. The samples are analyzed for interferon (a) and 
for tumor necro^ &ctor (a) by ELIS A. 
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Interferon (a) and Tumnr Necrosis Factor (a\ Analysis bv ELISA 

Interferon (a) concentration is determined by ELISA using a Human Muhi-Spccies 
kit from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 

Tumor necrosis factor (a) (TNF)concentration is detemiined using EUSA kits 
available from Genzyme. Cambridge, MA; RAD Systems, Minneapolis. MN; or 
Pharmingen, San Diego. CA. Results are expressed in pg/mL. 

The table below lists tiie lowest concentration found to induce interferon and the 
lowest concentration finrnd to induce tumor necrosis fector for each compound, A 
indicates that no induction was seen at any of the tested concentrations; gcneiafly the 
highest tested concentration was 10 or 30 pM, 





Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (^M) 


Number 


Interferon 


Tumor Necrosis Factor 


1 


0.12 


333 


2 


037 


10 


3 


0.04 


* 


4 


3.33 


♦ 


5 


0.04 


037 


6 


0.12 


1.11 


7 


0.37 


* 


8 


0.04 


0.12 


9 


0.12 


333 


10 


1.11 


I.ll 


11 


Ml 


0.04 


12 


I.U 


* 


13 


0.37 


I.U 


14 


0.12 


0.37 


15 


1.11 


3J3 
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Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (|iM) 


Number 


Interferon 


Tumor Necrosis Factor 


16 


3.33 


10 


17 


0J7 


037 


18 


037 


10 


19 


0.12 


333 


20 


0.12 


333 


21 


Lll 


10 


22 


1.11 




23 


1.11 


♦ 


24 


« 




25 


10 






1.11 


♦ 


27 


1.11 


* 


29 


Lll 




30 


0.37 


333 


31 


333 


3.33 


32 


0.01 


1.11 


33 


0.04 


0.12 


34 


0,01 


0.04 


35 


0.01 


0.12 
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WHAT IS CLAIMED IS: 

1 . A compound of the fonnula (Q: 




(0 



wherein: X is -CHR3., -CHRrallgl-. or--CHRraIkenyl-; 
Ri IS selected from the gEoup consisting of: 
-bcteroaiyl; 
-hetcrocyclyl; 
15 -Rp- heteroai^; and 

-R4-^ietBn}cyclyl; 
Rz is selected from the group coosisting o£ 
-hydrogen; 
-alkyl; 

20 -aJkeii^l; 

-aiyl; 

-heteioaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
25 -aUcyl-Y-alkeiiyl; 

-alkyl-Y-aiyl; and 

- aDcyl or alkenyl substituted by one or more substituents selected 
from ib& group consisting of: 
-OH; 

30 -halogmi; 



99 



wo 02/46193 



PCTAJSOl/46704 



-N{R3)2; 
-CO-N(R3)2; 
-COCi-ioalkyl; 
-CO-0-CMoalkyl; 
-N3; 
-aryl; 

-heteioaiyi; 
-heterocyclyl; 
-CO-aryi; and 
-CO-hcteroaiyl; 

R4 is alkyl or alkenyl* which may be tntenupted by one or more -O- 
groups; 

each R3 is independentiy H or Cmo 
15 each Vis independently -O- or -S(0)o.2-; 

n is 0 to 4; and 

each R present is mdcpendently selected from the group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromcthyl; 
or a pharmaceutically acceptable salt thereof 

20 

2- A compound or salt of claim 1 wherein R| is -{CHjVr-hetcioaiyl. 



5 
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3. A compound or salt of claim 2 wherein the heteroaryl is selected from the group 
consisting of 2-pyTidyl, 3-pyridyl. 4-pyridyl, 2-thiazolyl, 2-pyrimidinyl, 4-pyiimidinyl, 4- 

25 triazolyl, 2-benzofuiai^ 2-indolyi. 3-caibazolyt 2-furanyl, 4-isoquinolinyl, 4-isoxazolyl, 
and 4-pyrazolyl 

4. A compound or salt of claim 1 wherein X is -CH(alkylXaIkylh wherein the alkyi 
groups can be die same or different 

30 

5. Aconq)Oundor8altofcIaim 1 wherein X is -CHr-CHr- 
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6. A compound or salt of claim 1 wherein X is -CH(C2H5)(CH2)-. 

7. A compound or salt of claim 1 whemn R2 is H. 

5 8. A compound or salt of claim 1 wherein Ra is alkyl 

9. A compound or salt of claim 1 wherein is -nallqrl-O-^lkyl. 

10. A compound of the fonnula(n) 

10 



15 



20 




N 

I 

X-0-(CH2),.i(r-C=C— Rio 



wherein: X is -CHR3-, -CHRj-alkyK or-CHRj-alkenyls 

Rio is selected from the group consisting of heteroaiyl and heteiocyclyl; 
R2 is selected from tbc group consisting ot 
-hydrogen; 
-aikyl; 
-alkenyl; 
-aiyU 
-heteroaiyl; 
-hcterocycfyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-aBffinyi; 
25 -alkyl-Y-aryU and 

-alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
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-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 

5 -CO-Cmo aliyl; 

-CO-aCMoaftyi; 

-N3; 

-aiyl; 

-heteioaiyl; 

10 -hetcrocyclyl; 

-CO-aiyl; and 
-CO-lieteioai^ 

n is 0 to 4; 

each Rj 13 independently H or Cf.to alkyl; 
15 eachYisindcpcnden[dy-0-or-S(0)o.r;and 

each R present is independently selected from &e group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceuticaUy acceptable salt tiieieof. 

20 11. A compound or salt of claim 10 wherein Rio is selected from tfie group consistmg 
of hetcroaiyl and substituted heteioaiyL 

12. A compound of claim 1 1 wherein the heteroaiyl is selected from the group 
consistmg of 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-tiiiazolyl, 4-pytazolyl, 3-furanyl, 2-ttiienyl, 

25 and 2-pyrimidinyL 

13. A compomid or salt of claim 10 wherein X is -€H(aik>dXallcy]>-> wherein die 
alkyl groops can be the same or different 

30 14. A compound or salt of claim 10 wheieb X is -CHr-CHr-. 

15. A compound or salt of claim 10 wherein X is -CHCCzHsXCHi)-. 
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30 



16. A compound or salt of claim 1 0 wherein R2 is H, alkyl, or alkyl-O-alkyl. 

17. A compound selected from the group consisting of: 

-(2.{[3-(isoquinolin-4-yl)-2-propynyl]oxy}cthyl)-l^-imi 
amine; 

-(2'{[3-(l,3-tiiiazol-2-yl>2-propynyl]oxy}e%l>lif-imidaz^ 
amine; 

-{2-[3-<l/r^pyrazolyl)pn>poxy]ethyl}-l/r-inudazo[4,5-^^ 
-[2-<3-pyrimidin-2-y^)ropoxy)ethyl].lH-imidazo[4,5Hr]qu^ 
-[2-{3-pyridin-4-ylpropoxy)e%i]-l/r-imidazo[^^ 
-[2-(3-pyridinr2-ylpropoxy)e%l]-li/-imidazo[4,5K:lqu^ 
-{2-[3<U.tMazol.2-yl)propoxy]ethyl}.l*imida2o[4,5^^ 
-[2-{3-pyridin-3-ylpropoxy)ethyl]-l/^imidazo[4,5-c]quinolin^^ 
-P-{3-pyrimidin-5-ylpropoxy)ethyl]-L/^imidazo[4^-c]quinolin-^^ 
-{2-[(l-benzyl-lJ¥^lA3-triazol-4-yl)mcthoxy]c%l}-l//-imidaTO 
]quinoline-4-amiQe; 

-{2.[(l-bcn2yl-l/^lA3-tria2ol-5-yl)methoxy]ethyl}.l/f-imidazo[^^^ 
r]quinoline-4-amine; 

-[2-{{l-[(phcnylsuIfanyl)methyI>l/f-l^>triazol^^ 
miidazo[4,5-c]quinoline-4-amine; 
-(2-({l-[(phenylsul£anyl)mcthyll-l/f.i;i^.tria2oM^ 
imidazo[4»5-c]quinoline-4-am]ne; 
[2-(bcn2o[b]furan-2-ylmethoxy)ethyl]-l/f-hnida2o[4,5-c] 
[2-{pyiidin-3-yhnethoxy)cthyI]-l/f.imida2o[4,5-c]quinoIin-4-amine; 
-t2-(pyridin-2-ylmethoxy)c%l]-l/^inuda2o[4,5-c]quinol^ 
H2-(pyridin-4-ylmethoxy)e%l]4if-imidazo[4,5-c]qain^ 
-{2-[(3^-dimethylisoxazol-4-yl)mcflK)xy]ethyl}-lif-i^^ 
amine; 

H2-{PKpyrinndin-2-yl)-2-pn)pynyl]oxy}ethyl).lH-imidazo[^ 
amine; 
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l-(2-{[3-(pyrid«4-yI)-2-piopynyl]oxy}e1hyl)4H-unida2o[^ 
l-(2-{[3-(furO-yl>2-propynyl]oxy)cthyl)-lH-imidazo[4,^^^^ 
4-{3-[2-(4-aniino-lH-iimdazo[4,5-clquinolm-lryl)e&^ 
tliiophen-2-yIcaiboxaldeliyde; 
5 1 -(2- {[3-{pyrid-2-yl)-2-propynyl]oxy } e Ayl)- lif-imida2o[4,5-<:]qumolin-4-amine; 

l-{2-methyl4'[(pyrid-2-yloxy)methyl]propyl}-l/f-iinidazo[4,5-c]qum^ 
amine; 

1 - { 1 -[(pyrid-2-yloxy)methyl]propyl} 4H-imidazo[4,5-c]qumoliiie-4-amine; 
l-[2-(9H-K:aIbazolO-yloxy)pTopyl]-l/^imida2o[4,5<]qmnolm-4^ 
10 l-{2-[(3-ttucn-2-ylprop-2-ynyl)oxy]e%l}-lif-imidazo[4,5-c]^^ 

1- {24(l-me1hyl-lH-mdol-2-yl)mcliioxy]ethyl}-lH-im^ 
amine; 

l.[2-(3-lMcn-2-ylpropoxy)ethyl]-l/r-miidazo[4,5-c]qumolm 

2- mcthyM -[2-(3-pyridin-3-ylpropoxy)c%i]-l//-imidazo[4,5-c]qiimolmc-4-ai^ 

15 2-butyl-i-[2-(3-pyridm-3-ylpropoxy)etfayl]-l/^imida2oK 
l-[2-<tetiuhydro£uran-2-ylmedioxy)propyl]-lif-imida^ 
l-{2-[(5KJhloro-l-beii2othien-3-yl)mcthoxy]propyl}4f^imidazo[4,^^^ 

amine; 

1- {2-[(3-nitrop>iidin-2-yl)oxy]propyl}-l/f-iniidazoi4,^ 

20 l-(2-methyl-l-{[(3-mtiopyridin-2-yl)oxy]meAyl}pn>pyl>l/f-inu^ 
c]quinolin-4-amine; 

Kl-{((5-cWoio-l-benzothien-3-yl)methoxy]methyl}-2-methylpropyl> 
imidazo(4,5-<:]qiiinolin-4-aminc; 

2<2-methoxycthyl>l-[2-(3-pyridin-3-ylpropoxy)ethyI]-l/^imidazot4,5- 

25 c]quinolin-4-ainine; and 

2- mediyI-l-[2-(3i)yridin-3-yIpropoxy)ethylHJ,8,9^^ 
c]qmnoli&4-amine; 



or a phannaceutically acceptable salt tfiereol 



30 
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1 8. A compound of &e foimola (m) 




wherein: X is -CHR3-, -CHRs-alkyl-, or-CHR3-a]kenyl-; 
Ri is selected from Hie group consisting o£ 

-betecoai^ 

-heterocyclyl; 

-R4- heteroaryl; and 

-RrJieterocyclyl; 
Ri is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-aflcei^l; 

-aiyl; 

-heteroaryl; 
-heterocyclyl; 
•aHcyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-aflcyl-Y-aiyi; and 

- aOi^l or alkenyl substituted by one or more substituents selected 
fiom the group consisting o£ 

■OH; 

.halogen; 

-C0-N(Rj)2; 
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-CO-Cmo aDcyl; 

-CO-0-C|.ioalkyl; 

-N3; 

-aryl; 

-heteioaiyl; 
-heteiocyclyl; 
-CO-aiyl; and 
-CO-hcteroaiyl; 

R4 is alkyl or alkenyl, which may be intemipted by one or more -O- 
groups; 

each R3 is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)(w-; 
n is 0 to 4; and 

each R present is independently selected from.the group consisting of Ci.io 
alkyl, Ci .10 alkoxy, hydroxy, halogen and trifluoiomethyl; 
or a pharmaceuticalty acceptable salt thereof. 



19. A compound or salt of claim 18 wherein R2 is H or alkyl. 
20 20. A compound or salt ofclaim 18 wherein R2 is -alkyl-O-alkyl. 

21. A compound of the fonnula (IV): 

NH2 

N 
N 

X-0— (CH2)m0 — C=CRio 



25 




dV) 



wherein: X is -CHR3-, -CHRa-alkyi-, or -CHRa-alkenyl-; 

Rio is selected from the group consisting of heteroaiyl and heterocyclyi; 
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R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-aUcenyl; 

5 -aryl; 

-heteroaiyl; 

-heterocyclyl; 

-aDcyl-Y-alkyl; 

-all^l-Y-alkenyl; 
10 -alkyl-Y-aryl; and 

- aOcyl or alkenyl substituted by one or moie substituents selected 

from the group consisting of: 

-halogen; 

15 -N(R3)2; 

-CO.N(R3)2; 
-CO-Ci-io alkyl; 
-CO-O-Ci.io alkyl; 
-N3; 

20 -aryl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaryl; 

25 each R3 is independently H or Cmo alkyl; 

each Y is mdependendy -O- or -S(0)o.2-; 
nis0to4;and 

each R present is independently selected from the group consisting of Cmo 
alkyU C|.io aOcoxy, hydroxy, halogen and triftuoromethyl; 
30 or a phannaceutically acceptable salt &ereo£ 
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22. A phaxmaceutical composition comptising a therapeutically effective amount of a 
compound or salt of claim 1 and a pfaannaceuticaUy acceptable carrier. 

\. 

23. A pharmaceutical composition comprising a therapeutically effective amount of a 
5 compound or salt of claim 1 0 and a phaimaceutically acceptable carrier. 

24. A pharmaceutical composition conqnising a therapeutically effective amount of a 
compound or salt of claim 17 and a pharmaceutically acceptable carrier. 

10 25. A method of inducing cytokine biosynthesis in an animal comprising administering 
a tiierapeutically effective amount of a compound or salt of claim 1 to the arumal. 

26. The method of claim 25 wherein the cytokine is IFN-o. 

15 27. A method of inducing cytokine biosynthesis in an animal comprising administering 
a therapeutically effective amount of a compound or salt of claim 10 to the animal. 

28. The method of claim 27 wherein &e cytokine is IFN-a. 

20 29. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to the animal. 

30. A method of treating a neoplastic disease in an animal comprising administering a 
dierapeutically effective amount of a compound or salt of claim 1 to the animal. 

25 

31. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 0 to &e aniinaL 

32. A method of treating a neoplastic disease in an animal comprising administering a 
30 therapeutically effective amount of a conq)Ound or salt of claim 10 to tiie animal 
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33. A method of inducing cytokine biosynthesis in an animal comprising administering 
a theraputically effective amount of a compound or salt of claim 17 to the animal 

34. The method of claim 33 wherein the cytokine is IFN-o. 

5 

35. A method of treating a viral disease in an animal comprising administering a 
therapeuticany effective amount of a con^wund or salt of claim 17 to ttw animal. . 

36. A method of treating a neoplastic disease ia an animal comprising administering a 
10 therapeutically effective amount of a conqpound or salt of claim 17 to the animal. 



37. A compound of fte formula (V): 



15 




wherein: X is -CHRj-, -CHRralkyK or -CHRj-alkenyls 
Ri is selected from the group consisting of: 
-heteroaryi; 
20 -teterocyclyl; 

-Rr-heteioaiyl; 
-R4-hcterocyclyl; and 

-<CH2)mcK^>Rio; 
R2 IS selected &om the group consisting of: 
25 -iQrdiogen; 

-alfceiiyl; 
-aiyl; 
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-heteroaiyl; 
-heteiocyclyl; 
-aDcyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
5 -alkyl-Y-aryl; and 

- aDcyl or alkenyl substituted by one or more substituents selected 
from the group consistiiig of. 

-OH; 

-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 
-CO-C|.io aDqrl; 
-CQOCi-io alkyl; 

-N3; ^ . , ^ 

15 -aryl; 

-heteroaiyl; 
-hcterocyclyl; 
-CO-aiyl; and 
-COhetcroaryl; 

20 

R4 is alk/1 or aDcenyl, which may be intenupted by one or more -O- 
groins; 

each Rj is independently H or Ci-to alkyl; 
Rio is heteioaryl or heterocyclyl; 
25 each Y is independently -O- or -S{0)o.2-; 

n is 0 to 4; and 

each R present is independently selected from &e group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and trifluoraanethyl; 
or a phannaceutically acceptable salt tfiereof. 

30 



no 



'4 
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38. A compound of the fonnula (VI): 




5 wherein: X is -CHRs-, -CHRj-allcyK or -CHRj-alkenyl-; 

Ri is selected from the group consisting of: 

-heteroaxyl; 

-heterocyclyl; 

-RrrheteEoaiyl; 
10 -R4-heterocyclyl; and 

-(CH2)i-io-CsC-Rio; 
Ri is selected from the group consisting of: 

-hydrogen; 

-aDcyl; 

15 -alkenyl; 

-arjd; 

-heterbaiyl; 
-heterocyclyl; 
•alk>i-Y-aIkyl; 
20 -alkyl-Y- alkenyl; 

-alkyl-Y-aiyl; and 

- alkyi or alkenyl substituted by one or more substituents selected 
from the group consisting o£ 
-OH 

25 -halogen; 

-N(R3)2; 
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-CO-N(R3)2; 
-CO-Ci.io alkyl; 
-CO-0-Ci.io alkyl; 
-N3; 

5 -aiyl; 

-hetcioaiyl; 
-hcterocyclyl; 
-CO-aiyl; and 
-CO-beteroaiyl; 

10 R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 

groups; 

each Ra is independently H or Cmo aDcyl; 
Rio is heteroaiyl oi heterocycl^ 
each Y is independently -O- or -S(p)o.2-; 
15 n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyl, C|.io alkoxy, hydroxy, halogen and trifluoromethyl; 
or a phannaceutically acceptable salt diereol 

20 39. A compound of ftie formula (Vm): 

N— (COOR7)2 




^ilicrcin: X is -CHR3-. -CHRydkyU, or-CHRs-alkenyls 
25 Ri is selected from the groq> consisting of: 

-heteroaiyl; 
-heterocyclyl; 
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-Rr- heteroaiyl; and 
-R4-heterocycIyl; 
Ri is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-aDceiryl; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl- Y-alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or aOceoyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

-<:0-N(R3)2; 

-CO-Cmo alkyl; 

-CO-O-Ci.io alkyl; 

-N3; 

-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-CX)-aiyl; and 
-CO-heteroaryl; 

R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 
group^ 

each Ra is independently H or Cmo alkyl; 
each Y is indq3endeiitIy-Q- Qr-S(0)o^; 
nis0to4; 
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each R present is independently selected from the group consisting of C].to 

aUcyl, Cmo alkoxy, hydroxy, halogen and tnfluoromethyl; and 

R7 is te/t-butyl or benzyl; 

or a phannaceutically acceptable salt thereof. 

40. Acoxiq)Oundof ftefoni2u]a(IX) 




wherein: X is -CHR3-, -CHRa-alkyl-, or -CHRa-alkenyl-; 
Ri is selected from the group consistmg of: 

-heteroaiyl; 

-heterocyclyl; 

-R4- keteroaiyl; and 

-Rr-betBTOcyclyl; 
R2 is selected fiom die group consisting of: 

-hydrogen; 

-aDcyl; 

-aflccnyl; 

-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkBiiyl; 
-aIky!-Y-aiyl; and 
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- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-CO-NCRah; 
-CO-C|,io alkyl; 
-CO-O-CMoallorl; 
-N3; 

10 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl;and 
-CO-heteroaiyl; . 

15 R4 is alkyl or alkenyl, which may be interrupted by one or more — O— 

groups; 

each R3 is independently H or Cmo alkyl; 
each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

20 each R present is mdependently selected from flie group consisting of Cmo 

alkyl, C1-10 alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceuticaUy acceptable salt hereof. 

41. A pharmaceutical con^osition comprising a theF^)eutica]ly effective amount of a 
25 compound or salt of claim 1 8. and a pharmaceutically acceptable carrier. 

42. A method of inducing cytokine biosynthesis in an animal comprising admimstering 
a therapeutically efiTective amount of a compound or salt of claim 18 to the animal. 

30 43. The method ofclaim 42 wherein the cytokine is IFN-OL 
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44. A method of treatmg a viral disease in an ammai comprising administering a 
tiieiapeutically effective amount of a compound or salt of claim 18 to the ammaL 

45. A method of treating a neoplastic disease in an animal comprising administering a 
5 therapeutically effective amount ofaconqx>und or salt of claim IStotheanimaL 

46. A pharmaceutical composition conqnising a therapeutically effective amount of a 
compound or salt of claim 21 and a pharmaceutically acceptable earner. 

10 47. A method of inducing cytokine biosyn&esis in an animal comprising administering 
a therapeutically effective amount of a compound or salt of claim 21 to die animal. 

48. The method of claim 47 wherein die cytokine is.IFN-a. 

15 49. A method oftreating a v^ disease in an animal conqnisingadmimstBting a 
dierapeutically effective amount of a conqpound or sah of claim 21 to the animaL 

50. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically cfifectiye amount of a compound or salt of claim 21 to the animal. 



20 



51. A compound of the formula (VII): 




(vn) 



25 



iK^ieiein: 



ZifiNH2orN02; 

X is -CHR3-, -CHRa-aDcyK or -CHRj-alkenyls 
Ri is selected from the groi^ consisting o£ 



-heteroaryl; 



-heterocyclyl; 
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-R4- heteroaryl; and 
-R4-heterocyclyl; 

R4 is alkyl or aDcenyl which may be interrupted by one or more -O- 
groups; 

each R3 is independently H or Cmo aBcyl; 
nis0to4;8nd 

each R present is independently selected from Ac group consisting of Ci, 
alkyl, Ci-io alkoxy, hydroxy, halogen and trifluoiomethyl; 
or a pharmaceutically acceptable salt thereof. 



X is -CHR3., -CHRa-alkyl-, or-CHRj-alkeityl-; 



10 



52. A compound of the formula PCLIV): 




(XLIV) 



Ri is selected from the group consisting of: 
-heteroaryl; 
-hetcrocyclyl; 

heteroaiyl; and 



20 




R2 is selected from the group consisting of: 



25 



-hydrogen; 
-alkyl; 
-alkcnyl; 
-axyl; 

-heteroaiyl; 

-heterocyclyl; 

-alkyl-Y-alkyl; 
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-aDcyl-Y-aDcenyl; 
-alkyl-Y-aiyl; and 

' alkyl or alkenyl substituted by one or more substitueots selected 
from the group consisting of: 
5 -OH; 

-halogen; 

-CO-NCRah; 
-CO-Cmo alkyl; 
10 -COOCnoalkyl; 

-aiyU 

-heteioaiyl; 
-bctcrocyctyl; 

15 -CO-aiyl;Md 

-CO-heteroaiyl; 

R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 

groups; 

each R3 is independently H or C|.io alkyl; 

20 each Y is independently -O- or -^0)0.2-; 

nis0to4;and 

each R present is independently selected from ttse group consisting of Cmo 
all^l, Cmo alko3^, hydroxy, halogen and trifluorometiiyl; 
or a phannaceuticaDy acceptable salt &ereo£ 

25 
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